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PREFACE. 


The  present  work  is  substantially  a  new  one.  Retaining  only 
the  best  portions  of  previous  editions,  and  those  rectified  in 
their  indications  so  as  to  be  representative  of  the  best  modem 
practice,  the  residue  has  been  wholly  re-written  ;  and  I  have 
spared  no  pains  to  render  this  reproduction  more  worthy  of 
the  reputation  the  work  has  so  long  enjoyed.  The  size  of  the 
page  has  been  increased  to  enable  larger  and  more  important 
woodcuts  to  be  got  in ;  and  it  will  be  found  that  the  cuts,  which 
are  mostly  new,  are  now  nearly  three  times  more  numerous 
than  formerly. 

The  preliminary  discourse,  explanatory  of  the  scientific 
principles  of  the  steam  engine  and  other  thermo-dynamic 
motors,  has  been  rendered  much  more  complete  than  before, 
and  the  modem  doctrines  of  thermo-dynamics  have  been  fully 
expounded.  An  historical  account  has  been  given  of  the 
birth  and  i>arentage  of  the  steam  engine,  and  of  its  various 
stages  of  growth  up  to  the  commanding  stature  it  has  now 
attained.  Examples  have  been  introduced  of  the  most  import- 
ant engines  and  boilers  of  different  classes  which  have  recently 
been  constructed,  such  as  the  compound  pumping  engine  of 
Mr.  Hawksley,  the  compound  marine  engines  and  boilers  of 
Messrs.  John  Penn  and  Sons,  of  Messrs.  R.  Napier  and  Sons, 
of  Messrs.  John  Elder  and  Co.,  of  the  torpedo-boat  engines  and 
boilers  made  by  Messrs.  Thomey croft  and  Co.,  and  of  the  com- 
pound locomotive  of  the  Ix)ndon  and  North- Western  Railway. 


viii  Preface, 

An  entirely  new  chapter  of  ninety-five  pages  has  been  addec 
on  the  subject  of  air  and  gas  engines — a  topic  of  wide  anc 
increasing  interest,  regarding  which  no  popular  compendium  has 
yet  appeared.  In  this  exposition  the  scientific  principles  art 
explained  which  must  underlie  any  successful  introduction  oi 
those  engines.  Numerous  engravings  are  given  of  the  parts  oi 
the  most  remarkable  gas  engines,  and  the  leading  features  ol 
some  hundreds  of  projects  for  superseding  the  steam  engine  by 
a  new  thermo-dynamic  motor  are  briefly  described,  and  theii 
merits  briefly  appraised.  Another  chapter,  of  the  nature  of  an 
appendix,  has  been  added  for  the  reception  of  such  useful 
engineering  data  as  the  engineer  requires  to  have  constantly  at 
hand  in  the  prosecution  of  his  professional  duties,  but  which 
have  no  special  application  to  any  one  of  the  preceding 
chapters  more  than  to  the  rest.  The  design  of  this  addition  is 
to  make  the  work  more  self-contained  In  some  parts  I  have 
been  assisted  by  my  pupils,  Messrs.  Thomae  and  Edwards. 

Although  in  this  reproduction  I  have  been  most  unsparing 
in  my  excisions,  the  work  has  nevertheless  increased  consider- 
ably in  bulk.  This  has  happened  mainly  because  there  are 
now  more  things  to  be  spoken  about  than  formerly. 

Mechanical  engineering  is  an  art  so  rapidly  progressive  that 

any  work  professing  to  act  as  a  guide  to  its  operations  must  not 

only  be  frequently  amended  in  the  details  of  its  teaching,  but 

must  also  at  longer  intervals  be  recast  altogether.     This  is  the 

second  time  that  this  necessary  task  of  regeneration  has  been 

performed  by  me.    In  all  human  probability  it  will  be  the  last ; 

and  what  I  have  now  done  in  the  way  of  improvement  has 

been  done  in  the  interest  of  posterity. 

JOHN    BOURNE. 

collkge  of  practical  engineering, 
London  :  1885. 
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SCIENTIFIC   PRINCIPLES 

OF 

THE     STEAM     ENGINE 

AND  OTHER 

THERMO-DYNAMIC   MOTORS. 


CLASSIFICATION  OF  ENGINES. 

Q.  What  is  meant  by  a  vacuum  ? 

A,  A  vacuum  means  an  empty  space  ;  a  space  in  which  there 
is  neither  water  nor  air,  nor  any  thing  else  that  we  know  of. 

Q.  Wherein  does  a  high-pressure  differ  from  a  low-pressure 
steam  engine  ? 

^.  In  a  high  pressure  engine  the  steam,  after  having  pushed 
the  piston  to  the  end  of  the  stroke,  escapes  into  the  atmosphere, 
and  the  impelling  force  is  therefore  that  due  to  the  difference 
between  the  pressure  of  the  steam  and  the  pressure  of  the  atmo- 
sphere.    In  the  condensing  engine  the  steam,  after  having  pressed 
the  piston  to  the  end  of  the  stroke,  passes  into  the  condenser,  in 
which  a  vacuum  is  maintained,  and  the  impelling  force  is  that  due 
to  the  difference  between  the  pressure  of  the  steam  above  the 
piston,  and  the  pressure  of  the  vacuum  beneath  it,  which  is  nothing ; 
or,  in  other  words,  you  have  then  the  whole  pressure  of  the  steam 
nrging  the  piston,  consisting  of  the  pressure  shoun  by  the  safety- 
valve  on  the  boiler,  and  the  pressure  of  the  atmosphere  besides. 

Q.  In  what  way  would  you  class  the  various  kinds  of  condensing 
engines? 

A,  Into  single-acting,  rotative,  and  rotatory  engines.  Single- 
acting  engines  are  usually  made  without  a  crank,  such  as  the 
engines  used  for  pumping  water.    Rotative  engines  are  engines 


2  Classification  of  Engines. 

p^o^■ided  wiili  a  crank,  by  means  of  which  a  rotatiNC  motion  is 
produced  ;  and  in  this  important  class  stand  marine  and  mill 
engines,  and  all  engines,  indeed,  in  which  the  rectilinear  motion  of 
the  piston  is  changed  into  a  circular  motion.  In  rotaloty  engines 
the  steam  acts  at  once  in  the  production  of  circular  motion,  either 
upon  a  revolving  piston  or  otherwise,  but  without  the  use  of  any 
inlermediate  mechanism,  such  as  the  crank,  for  deriiing  a  circular 
from  a  rectilinear  motion.  Rotatory  engines  have  not  hitherto  been 
very  successful,  so  that  only  the  single-acting,  or  pumping  engine, 
and  ihc  double-acting,  or  rotative  engine,  can  be  said  to  be  in 
actual  use.  For  some  purposes,  such,  for  example,  as  forcing  air 
into  furnaces  for  smelting  iron,  double-acting  engines  are  employed 
which  are  nevertheless  unfurnished  with  a  crank ;  but  engines  of 
this  kind  are  not  sufficiently  numerous  to  justify  their  classifica- 
tion as  a  distinct  species,  and,  in  general,  those  engines  may  be 
considered  to  be  single-acting  by  which  no  rotatory  motion  is 
imparted.  Furthermore,  rotative  engines  have  been  in  some  cases 
constructed  in  which  the  piston  is  pressed  only  in  one  direc. 
lion  by  the  steam.     But  such  engines  have  not  come  into  general 

Q.  Is  not  the  circular  motion  derived  from  a  cylinder  engine 
very  irregular,  in  consequence  of  the  unequal  leverage  of  the  crank 
at  the  different  parts  of  its  revolution  ? 

A.  No  ;  rotative  engines  are  generally  provided  with  a  fly-wheel 
to  correct  such  irregularities  by  its  inomcnlum  ;  but  where  two  en- 
gines with  their  respective  cranks  set  at  right  angles  arc  employed, 
the  irregularity  of  one  engine  corrects  that  of  the  oilier  with  suffi- 
cient exactitude  for  some  purposes.  In  the  case  of  marine  and 
locomotive  engines,  a  fly-wheel  is  not  employed ;  but  there  the 
momentum  of  the  vessel  or  train  accomplishes  the  same  object 
For  cotton -spinning,  and  other  purposes  requiring  great  regularity 
of  motion,  a  swift  and  licaiy  fly-wheel  is  indispensable. 

Q.  You  implied  that  there  is  some  other  difference  between 
single-acting  and  duuble. acting  engines  than  that  which  lies  in  the 
use  or  e>:clusion  of  the  crank  ? 

A.  Single-acting  engines  act  only  in  one  way  by  the  force  of 
the  steam,  and  are  returned  by  a  counter- weight  ;  whereas  double- 
acting  engines  are  urged  by  the  steam  in  both  directions.  Engines, 
as  1  haie  already  said,  arc  sometimes  made  doublc-jiciing,  though 
unprovided  with  a  crank ;  and  there  would  be  no  difficulty  in  so 
arranging  the  valves  of  all  ordinary  pumping  engines,  a 
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of  this  action ;  for  the  pumps  might  be  contrived  to  raise  water  both 
by  the  upward  and  downward  stroke,  as,  indeed,  in  some  mines 
and  many  waterworks  is  already  done.  But  engines  without  a  crank 
are  almost  always  made  single-acting,  perhaps  from  the  effect  of 
<:ustom  as  much  as  from  any  other  reason,  and  arc  usually  spoken 
of  as  such,  though  it  is  necessary  to  know  that  there  are  some 
<leviations  from  the  usual  practice. 

NATURE  AND  USES  OF  A  VACUUM. 

Q.  You  have  stated  that  a  vacuum  is  an  empty  space.  Can  an 
«mpty  space  exert  pressure?  and  does  not  a  vacuum  produce  a 
pressure,  by  suction,  of  1 5  lbs.  per  square  inch  .'* 

A.  I  have  stated  that  a  vacuum  is  a  space  containing  neither 
air,  nor  water,  nor  anything  else  that  we  know  of.  But  it  may 
contain  things  that  we  do  not  know  of,  and  an  absolutely  perfect 
vacuum  has  never  yet  been  obtained.  Our  ideas  touching  the 
nature  of  matter  are  still  in  a  state  of  evolution,  and  any  dictum  in 
regard  to  its  presence  or  absence  should  be  propounded  with 
corresponding  diffidence.  The  kind  of  vacuum  to  which  I  referred 
is  that  which  is  producible  by  the  air-pump,  or  which  exists  in  the 
barometer,  where  it  supports  a  column  of  mcrcur>'  30  inches  high, 
which  is  equivalent  to  a  pressure  of  about  15  lbs.  per  square 
inch. 

Q.  How  can  such  a  pressure  be  exerted  by  a  vacuum  which  is 
itself  destitute  of  matter  or  anything  to  produce  pressure  ? 

A.  It  is  not  the  vacuum  which  exerts  this  pressure,  but  the 
atmosphere,  which,  like  a  head  of  water,  presses  on  everything  im- 
merged  beneath  it.  A  head  of  water,  however,  would  not  press 
down  a  piston  if  the  water  were  admitted  on  both  of  its  sides  ;  for 
an  equilibrium  would  then  be  established,  just  as  in  the  case  of 
a  balance  which  retains  its  equilibrium  when  an  equal  weight  is 
added  to  each  scale  ;  but  take  the  weight  out  of  one  scale,  or 
empty  the  water  from  one  side  of  the  piston,  and  motion  or 
pressure  is  produced.  In  like  manner,  pressure  is  produced  on  a 
piston  by  admitting  steam  or  air  upon  the  one  side,  and  withdrawing 
the  steam  or  air  from  the  other  side.  It  is  not,  therefore,  to  a 
vacuum,  but  rather  to  the  existence  of  an  unbalanced  plenum, 
that  the  pressure  made  manifest  by  exhaustion  is  due,  and  it 
is  obx-ious  therefore  that  a  vacuum  of  itself  would  not  work  an 
tngine. 

B  t 
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Q.  How  \i  ihe  vacuum  maintained  in  a  condensing  engine  f 
A.  The  steam,  after  having  performed  its  office  in  the  cylinder, 
is  permitted  to  pass  into  a  vessel,  called  the  condenser,  where  .n 
shower  of  cold  water  is  discharged  upon  it.  The  steam  is  con- 
densed by  tlie  cold  water,  and  falls  in  the  form  of  hot  water  to  the 
bottom  of  the  condenser.  The  water,  which  would  else  be  accumu. 
laied  in  the  condenser,  is  continually  being  pumped  out  by  a  pump 
worked  by  the  engine.  This  pump  is  called  the  air-pump,  because 
it  also  discharges  any  air  which  may  have  entered  with  the  water. 
In  some  engines  the  steam  is  condensed  by  the  application  of  cold 
metallic  surfaces,  as  in  a   still.     This   is   called  surface   condcn- 

Q.  If  a  vacuum  be  an  empty  space,  and  there  be  water  in  the 
n  there  be  a  vacuum  there? 
vacuum  above  the  water,  the  water  being  only 
ir  lead  lying  at  the  bottom. 

n  the  condenser  a  perfect  lacuum  ? 
t ;  for  the  cold  water  entering  for  the  pur. 
s  heated  by  the  steam,  and  emits  a  vapoui 


condenser,  how  c. 

A.  There  is 
like  so  much  iron 

Q.  Js  the  vaci 

A.  Not  quite  pcrfeci 
pose  of  condensation  i 


n  represented  by  about  three  inches  of  mercurj- ;  that  is 
when  the  Common  barometer  stands  at  thirty  inches,  a  barometer 
with  the  space  above  the  mercury  communicating  with  the  eon- 
denser  will  stand  at  about  twenty-seven  inches. 

Q.  Is  this  impcrfectiiin  of  the  vacuum  wholly  attributable  to  the 
vapour  in  the  condenser? 

A.  No ;  it  is  partly  attributable  to  the  presence  of  a  small 
quantity  of  air  which  enters  with  the  water,  and  which  would  accu- 
mulate until  it  destroyed  the  vacuum  altogether  but  for  the  action 
of  the  air-pump,  which  expels  it  with  the  water,  as  already  ex- 
plained. All  common  water  contains  a  certain  quantity  of  air  in 
solution,  and  this  air  recovers  its  elasticity  when  the  pressure  of  the 
atmosphere  is  taken  off, — just  as  the  gas  in  soda  water  flies  up  so 
soon  as  the  cork  of  the  botde  is  withdrawn. 

Q.  Is  a  barometer  sometimes  applied  to  the  condensers  of  steam- 
engines,  to  ascertain  the  amount  of  exhaustion  existing  in  the  con- 
denser? 

A.  Vcs ;  and  it  is  called  the  vacuum  gauge,  Ijecause  it  shows 
the  degree  of  perfection  llie  vacuum  has  attained.  Another  gauge, 
called  the  steam  gauge,  is  applied  to  the  boiler,  which  indicates  the 
pressure  of  the  steam  by  (he  height  to  which  the  steam  forces  tner- 
cun'  up  a  tube,  or  by  some  other  suitable  expedicnL  Gauges  ai 
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applied  to  the  boiler  to  indicate  the  height  of  the  water  within  it  so 
that  it  may  not  be  burned  out  by  the  water  becoming  accidentally 
too  low.  In  some  cases  a  succession  of  cocks,  placed  a  short  dis- 
tance above  one  another,  is  employed  for  this  purpose,  and  in  other 
cases  a  glass  tube  is  placed  perpendicularly  in  the  front  of  the  boiler, 
and  communicating  at  each  end  with  its  interior.  The  water  rises 
in  this  tube  to  the  same  height  as  in  the  boiler  itself,  and  thus  shows 
the  actual  water  level.  In  most  of  the  modem  boilers  both  of  these 
contrivances  are  adopted. 

Q.  Can  a  condensing  engine  be  worked  with  a  pressure  less 
than  that  of  the  atmosphere  ? 

A.  Yes,  if  once  it  be  started  ;  but  it  will  be  a  difficult  thing  to 
start  an  engine  if  the  pressure  of  the  steam  be  not  greater  than  that 
of  the  atmosphere.  Before  an  engine  can  be  started,  it  has  to  be 
blown  through  with  steam  to  displace  the  air  within  it,  and  this 
cannot  be  effectually  done  if  the  pressure  of  the  steam  be  very  low. 
After  the  engine  is  started,  however,  the  pressure  in  the  boiler  may 
be  lowered,  if  the  engine  be  lightly  loaded,  until  there  is  a  partial 
vacuum  in  the  boiler.  Such  a  practice,  however,  is  not  to  be  com- 
mended, as  the  gauge  cocks  become  useless  when  there  is  a  partial 
>'acuum  in  the  boiler,  inasmuch  as,  when  they  are  opened,  the 
n-ater  will  not  rush  out,  but  air  will  rush  in.  It  is  impossible,  also, 
under  such  circumstances,  to  blow  out  any  of  the  sediment  collected 
within  the  boiler,  which,  in  the  case  of  the  boilers  of  steam  vessels 
not  fitted  with  surface  condensers,  requires  to  be  done  every  two 
hours  or  oftener.  This  is  accomplished  by  opening  a  large  cock 
which  permits  some  of  the  supcrsalted  water  to  be  forced  overboard 
by  the  pressure  of  the  steam.  In  some  cases,  in  which  the  boiler 
applied  to  an  engine  is  of  inadequate  size,  the  pressure  within  the 
boiler  will  fall  spontaneously  to  a  point  considerably  beneath  the 
pressure  of  the  atmosphere.  But  it  is  preferable,  in  such  cases, 
partially  to  close  the  throttle  valve  in  the  steam  pipe.  The  pressure 
of  the  steam  in  the  boiler  is  thus  maintained,  while  the  cylinder  re- 
ceives its  former  supply. 

g.  If  a  hole  be  opened  into  the  condenser  of  a  steam  engine, 
▼ill  air  rush  into  it  ? 

A.  l(  the  hole  communicates  with  the  atmosphere,  the  air  will 
be  drawn  in. 

g.  With  what  velocity  will  air  rush  into  a  vacuum  ? 

A.  Formerly  it  was  supposed  that  air  would  rush  into  a  vacuum 
vith  the  velocity  which  a  body  would  acquire  by  falling  from  the 
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height  of  a  homogeneous  atmospiiere,  which  15  an  atmosphere  of  the 
same  density  throughout  as  at  the  earth's  surface ;  and  although 
such  an  atmosphere  does  not  exist  in  nature,  its  existence  was  sup- 
posed in  order  to  facilitate  the  computation.  It  is  well  known  that 
the  velocity  with  which  water  issues  from  a  cisiem  is  the  same  that 
would  be  acquired  by  a  body  falling  from  the  level  of  the  head  to- 
the  level  of  the  issuing  water  ;  which,  indeed,  is  an  obvious  taw,  since 
every  particle  of  water  descends  and  issues  by  virtue  of  its  gravity, 
and  is  in  its  descent  subject  to  the  ordinary  laws  of  falling  bodies. 
Air  rushing  into  a  vacuum,  it  was  contended,  is  only  another  ex- 
ample of  the  same  general  principle  :  so  that  the  velocity  of  each 
particle  should  be  thai  due  to  the  height  uf  the  column  of  air  which 
would  produce  the  pressure  sustained  if  there  were  no  other  dis- 
turbing force.  The  weight  of  air  being  known,  as  well  as  the  pres- 
sure it  exerts  on  the  earth's  surface,  it  is  easy  on  this  principle  to 
tell  what  height  a  column  of  air  an  inch  square,  and  of  the  atmo- 
spheric density,  would  require  to  be  to  weigh  i;  lbs.  The  height 
would  be  27,818  feet,  and  the  velocity  which  the  fall  of  a  body  from 
such  a  height  produces  is  1,338  feet  per  second.  ^H 

Q.  Are  there  not  mountains  on  the  earth's  surface  more  tha^H 
37.818  feet  high?  fl 

A.  There  are.  m 

Q.  Then  is  it  contended  that  the  tops  of  these  mountains  neces- 
sarily project  beyond  the  limits  of  the  atmosphere  ? 

j4.  No  ;  the  atmosphere,  it  is  believed,  extends  to  a  height  of 
4;  miles,  but  with  a  constantly-diminishing  density,  until  the  weight 
of  each  particle  balances  its  repulsive  force,  when  the  surface  of 
the  air  will  form  a  horizontal  plane  like  a  sheet  of  water. 

Q.  Then  how  can  the  velocity  of  air  entering  a  vacuum  be 
determined  ? 

A.  In  the  foregoing  analysis,  an  important  part  of  the  action  of 
the  air  has  been  left  out  of  account  ;  for  the  air  is  not  merely  drawn 
by  suction  into  an  orifice  as  water  is,  but,  unlike  water,  expands  in 
bulk  at  the  same  time,  and  a  large  part  of  the  motion  generated  is 
expended  in  accomplishing  this  expansion.  While,  therefore,  at 
low  rates  of  exhaustion  the  lelocity  of  air  entering  a  vacuum  does 
not  differ  much  from  that  deitu'mined  by  the  old  theory  as  depend- 
ing on  the  velocity  of  falling  bodies,  the  dii'ergence  increases  with 
the  exhaustion  ;  and  if  the  vacuum  be  supposed  to  be  quite  perfect, 
the  air  would  not  enter  it  al  nil.  The  \elocities,  as  determined  b 
the  old  ibcor)-  and  the  new,  arc  as  follows :— 


Velocity  of  Air  Rushing  into  a  Vacuum. 


Velocity  of  Air  into  a  Partial  Vacuum. 


Preasore  or 

Velocity  in  Feet  per  Second 

Pressure  or 

Velocity  in  Feet  per  Second 

Exhaustion 
in  lbs. 

Exhaustion 
in  lbs. 

1 

New  'I'heoiy 

Old  Theory 

New  Theory 

Old  Theory 

*5 

249 

247 

8 

673 

986 

z 

337 

349 

8-5 

669 

1,016 

1-5 

405 

427 

9 

661 

1.046 

2 

459 

493 

9  5 

650 

1.074 

a'5 

503 

551 

10 

636 

1. 103 

3 

540 

604 

10-5 

619 

1.129 

3  5 

571 

652 

II 

597 

1,156 

4 

597 

697 

"•5 

571 

1. 183 

4  5 

619 

73? 

" 

540 

1.208 

5 

636 

780 

125 

503 

1,232 

55 

650 

818 

13 

459 

1.257 

6 

661 

854 

135 

405 

1. 281 

6-5 

669 

889 

;   '•* 

337 

1.304 

7 

673 

922 

:    14-5 

242 

'.327 

7*5 

675 

955 

.       '5 

000 

'.350 

Q,  Has  the  velocity  of  the  flow  of  air  by  the  new  theory  been 
confirmed  by  experiment  ? 

A.  Yes.  It  was  found  by  Mr.  Froude,  by  experiment  on  the 
Croydon  line  of  atmospheric  railway,  that  the  flow  of  air  into  the 
exhausted  pipe  was  less  rapid  when  the  vacuum  was  high  than 
when  it  was  lower.  This  was  at  first  attributed  to  a  diminished 
leakage  in  the  long  valve  which  was  placed  on  the  upper  side  of 
the  tube  to  permit  the  passage  of  the  arm  which  connected  the 
piston  with  the  carriage,  as  it  was  supposed  that  with  a  high  ex- 
haustion the  valve  would  be  more  firmly  shut  down.  But  it  was 
found  that  this  was  not  the  true  cause,  and  that  the  air  flowed 
more  rapidly  into  any  vessel — whether  furnished  with  a  valve  or 
not— if  the  vacuum  were  that  due  to  a  moderate  exhaustion  than 
if  the  vacuum  were  more  perfect.  The  foregoing  table  shows 
that  the  velocity  of  influx  is  greatest  when  the  exhaustion  is  that 
answering  to  7  J  lbs.  per  square  inch,  or  midway  between  the 
atmospheric  pressure  and  a  perfect  vacuum. 

Q.  What  is  meant  by  a  Torricellian  vacuum,  and  how  is  it  pro- 
duced .^ 

A.  \\,  means  the  vacuum  which  exists  above  the  mercury  in  an 
ordinary  barometer-tube.  To  make  a  barometer,  we  take  a  glass 
tube,  D,  fig.  I,  about  a  yard  long  and  quarter  of  an  inch  bore, 
dosed  at  one  end  but  open  at  the  other.     Holding  the  open  end 
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upwards,  ive  pour  mercury  into  the  tube  until  we  fill  it.  Thel 
thumb  is  iheo  placed  on  the  open  end,  as  at  c,  and  the  tubal 
Is  inverted,  the  open  end  I 
being  placed  below  Ihc  sur- 
face  of  the  mercury  in  the 
vessel  B,  before  the  thumb  is 
withdrawn.  The  mercury  will 
then  subside  to  some  such 
poinl  as  a,  and  the  distance 
from  A  to  the  surface  of  the 
mercury  in  B  will  be  about 
thirty  inches.  This  is  the 
height  of  a  column  of  mer- 
cury which  balances  the  pres- 
sure of  the  atmosphere.  If 
water  were  to  be  used  instead 
of  mercurj',  the  height  of 
column  necessary  to  balance 
I  he  atmosphere  would  be 
about  34.  feet,  the  water 
being  so  much  lighter  than 
the  mercury.  The  subsidence 
of  the  mercury  creates  a 
vacuum  within  the  lube  above 
A,  and  this  is  called  a  Torri- 
cellian vacuum.  This  vacuum 
is  not  quite  perfect,  as  it 
contains  mercurial  vapour  of 
very  small  tension.  The  rise 
or  fall  in  the  surface  of  ihe  mercurial  column  shows  an  increase 
or  diminution  in  the  pressure  of  the  atmosphere,  and  this  is  what 
the  barometer  indicates. 

Q,  Are  there  other  forms  of  barometer  besides  that  with  a  mer- 
curial colimin  ? 

A.  There  arc  several  other  forms  ;  one  of  the  most  convcnicni 
of  which  is  the  Aneroid,  an  example  of  which  is  shown  In  tig.  :. 
This  instrument  consists  substantially  of  a  small  round  metal  bo.\. 
within  which  a  vacuum  is  made.  The  lid  of  the  box  Is  forme. 1 
of  a  thin  steel  plutc  with  concentric  corrugations  which  enabli: 
it  to  bend  tn  or  out  with  every  variation  of  pressure,  and  these 
variations  giic  motion  to  a  hand,  which  shows  the  amount  -A 
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a  the  ex. 


isequently,  the  amount  of  pressure  due  t 

m  general!)'  produced  for  pbiloso- 


flexure,  and,  i 
haustion. 

Q.   In   what  way  is  a  v 
phical  purposes  ? 

A.  By  means  of  a 
small  pump,  called  an 
air  -  pump  ;  and  which 
pumps  the  air  out  of 
any  close  vessel  in  much 
the  same  way  in  which 
any  common  house-pump 
draws  water.  An  example 
of  an  air-pump  of  usual 
construction  is  shown  ii 
section  in  fig.  3,  where  J 
vcQ  is  the  frame  or  base  \ 
of  the  machine,  and  R  a 
bell-glass  ground  tight  at 
its  under  edge  upon  the 
base-plate  so  that  it  will 
not  leak  when  a  vacuum 
is  created  within  it.  M  N 
are  handles  by  which 
motion  to  and  fro  is 
given  to  a  toothed  wheel,  which  works  in  a  rack,  K,  which  draws 
the  piston,  P',  up  and  down.  The  pump-barrel  is  secured  to  the 
frame  at  ml.  A  tube  leads  from  n  within  the  receiver  R  to  the 
i-alve  C,  at  the  bottom  of  the  pump-barrel.  In  the  piston  there  is 
also  a  valve  opening  upwards,  and  as  the  piston  is  moved  up  and 
down,  the  air  is  drawn  from  n  through  the  \alve  C,  which  valve 
shuts  when  the  piston  descends ;  but  the  air,  compressed  by  the 
piston  in  its  descent,  lifts  the  valve  in.  the  piston  and  escapes 
into  the  atmosphere.  E  is  a  glass  tube,  which  by  means  of  the 
stopcock  T  can  be  put  into  communication  with  the  pump; 
and  within  which  there  is  a  bent  tube  containing  mercury,  which 
shows  the  amount  of  the  exhaustion  attained.  S  is  a  pipe,  and 
r  a  screw,  which  closes  an  orilice  by  which  the  external  air  may 
be  admitted  when  desired.  Fig.  4  shows  an  open  receiver,  or 
jar,  the  top  closed  with  bladder.  This  jar,  if  placed  on  the  plate  of 
an  air-pump,  will  have  the  bladder  burst  when  the  air  is  pumped 


Fit.  ,.-An«r< 


F«.  ,.    J*i  "till  VJcuuin 


A.  No  ;  a  higher  degree  of  e: 
(ion  mny  be  obtained  wiih  a  s 
apparatus,  called  '  Sprcngcl's  Air-pumpjffl 
nnd  which  ciinsists  substantially  of  g 
tall  glass  lube,  through  «hich  dri^  ' 
of  mercury  are   ptrmiltcd  to  descciul 
and    each   drop    i 

The  air  is  led  into  the  lubt:  ihroud 
a  side  channel,  and  the  succcssivi 
drops  of  mercury  propel  the  air  before 
them  in  much  the  some  way  in  u'hich 
the  pistons  or  discs  of  a  chain-pump 
propel  the  water.  A  representation  of 
this  apparatus  h  )^\'cn  in  lig.  j,  when 
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A  is  a  funnel  into  which  the  mercury  is  poured,  and  B  is  a  bottle 
mto  which  it  subsides  through  the  tube  cd,     R  is  the  receiver,  or 
vessel   from   which   the 
air  is  drawn  through  the 
tube  X.     The  funnel   is 
connected    to    the    up- 
right glass    tube    at    r, 
by  a  short  piece  of  in- 
dia-rubber     tubing,     a 
damp  applied  to  which 
determines  the  rate   at 
which    the    mercury    is 
aUowed      to      descend. 
In     some      cases     the 
mechanical     exhaustion 
is  supplemented  by  in- 
troducing    some      sub- 
stance    which     has     a 
chemical  affinity  for  the 
residual  air  or  gas,  and 
which  therefore  absorbs 
it    It  has  been  ascer- 
tained   that    electricity 
wiU  not  pass  through  a 
vacuum  of  a  ver\'  high 
degree     of    exhaustion, 
and  that  matter   in  ap- 
preciable quantity  must 
be  present  to  enable  the 
current  to  pass.     A  bell 
rung  within    a  vacuum 
is  inaudible. 

Q.  What      do      you 
mean  by  the  ultra-gaseous  state  of  matter  } 

A.  In  ordinary  gases  the  molecules  are  believed  to  be  in  a 
state  of  constant  motion,  and  the  pressure  or  elasticity  is  supposed 
to  be  the  result  of.  the  impact  of  the  particles  upon  the  containing 
vessel  and  upon  one  another,  or  of  the  centrifugal  force  of  the 
revolving  atmospheres  by  which  each  molecule  is  surrounded. 
When  the  gas  is  subjected  to  a  high  degree  of  rarefaction,  the 
molectiles  can  travel  through  considerable  distances  without  imping- 
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Plu-iiomena  of  the  Radiometer. 


and  the  mean  wave-length  or  orbit  is  no 
1  comparison  with  the  dimensions  of  tKe 
coniaining  vessel.  A  new 
stale  of  things  is  then  produced 
presenting  remarkable  pheno- 
mena. Fig.  6  is  a  represen- 
lalion  of  '  Crookes'  Radio-  . 
i'  formed  with  two  light 
es  crossed,  and 
xviil)  small  squares  iif  mica 
blackened  on  one  side,  at- 
tached to  the  ends  of  the  c 
wires.  These  wires  constitute 
a  fly  which  rests  at  the  ce 
<in  a  fine  steel  point  on  which 
the  combination  is  able 
rotate,  and  the  wlioleisenclosed 
in  a  glass  bulb,  nithin  which 
a  Torricellian  vacuum  is 
duced.  If  now  a  light,  such 
as  a  candle,  be  brought  near 
one  side  of  Ihe  instrument,  the 
ily  begins  to  rotate ;  as 
blackened  surfaces  arc  drawn 
towards  the  lighL  If,  how- 
ever, the  rarefaction  be 
creased,  the  motion  stops,  and 
then  the  fly  begins  to  r< 
in  the  opposite  direction. 
The  most  perfect  vacuum  wiO' 
be  produced  by  exhaustingf. 
the  gas  by  a  Sprengcl  pumpi 
and  then  absorbing  the  re- 
sidtial  gas  by  chcmicnl  means. 
Fig.  (.-Croeka- lUdiomw.  "V   proceeding    in    this    way, 

Crookes     obtained   a   vacuum 
of  j^555  millimetre  of  mercury  — a  millimetre  being  o'o_)g3  of  an  ■ 
English  inch.    With  the  best  air-pump  of  the  common  piston  kind,  J 
the  tension  of  the  residual  vapour,  or  gas,  whidi  cannot  be  extracted  1 
is  about  equal  In  j'„  of  an  inch  of  mercury.     The  pressure  witl 
Torricellian  vacuum  may  be  taken  at  019  millimetres  of  mercury.  J 


Nature  and  Properties  of  Matter,  1 3 

The  repulsion  excited  by  a  light  on  a  blackened  surface  at  high 
rates  of  exhaustion  increases  as  the  pressure  diminishes  up  to  an 
exhaustion  of  0-03  mm.  It  then  sinks  rapidly  up  to  0*000076  mm.^ 
when  it  is  about  ^^  of  its  maximum. 


NATURE  AND  PROPERTIES  OF  MATTER. 

Q.  What  is  matter  ? 

A.  Anything  capable  of  resisting  or  transmitting  force. 

Q,  Is  matter  a  continuous  and  homogeneous  substance  ? 

A,  No  ;  it  is  composed  of  atoms  or  particles,  each  of  which  is 
too  small  to  be  discernible  by  the  senses.  There  is  no  reason  to 
believe  that  these  atoms  touch  one  another,  and  each  may  be  as  far 
distant  from  its  nearest  neighbour  relatively  with  its  ou*n  magnitude 
as  the  earth  is  distant  from  the  sun.  A  group  of  two  or  more  atoms 
constitutes  a  molecule,  just  as  the  sun  and  his  planets  revolving  in 
space  constitute  a  sidereal  system.  Bodies,  then,  arc  composed  or 
built  up  of  very  small  molecules,  and  these  again  of  smaller  atoms. 

Q.  What  are  the  different  molecular  states  of  bodies  "i 

A.  The  solid,  the  liquid,  and  the  gaseous,  to  which  must  now 
be  added  the  ultra-gaseous,  or  the  condition  which  gaseous  bodies 
have  been  found  to  assume  under  high  rates  of  rarefaction. 

Q.  Is  there  any  limit  to  the  expansive  power  of  gases  ? 

A,  There  appears  to  be  a  limit,  which  will  be  reached  when  the 
weight  of  each  particle  balances  its  repulsive  force.  In  a  long  ver-i 
tical  tube,  therefore,  very  highly  exhausted,  there  may  be  matter  at 
the  lower  part,  but  not  at  the  upper. 

Q,  What  are  the  essential  properties  of  matter  "i 

A.  One  is  impenetrability',  which  renders  it  impossible  for  two 
bodies  to  occupy  the  same  space  at  the  same  time.  Another  is  ex- 
tension or  magnitude,  in  virtue  of  which  every  body  occupies  a 
limited  portion  of  space.  Another  is  divisibility,  in  virtue  of  which 
a  body  may  be  divided  into  any  desired  number  of  parts,  the  only 
limit  to  this  being  the  atomic  constitution  of  the  body,  as  an  atom 
cannot  be  di\'ided,  and  a  molecule,  if  divided,  would  be  altered  in 
its  properties.  Another  is  inertia,  or  that  property  which  implies 
that  a  body  at  rest  necessarily  continues  in  th^t  state  unless  some 
force  be  impressed  upon  it,  or  if  in  motion,  such  motion  can  only 
be  terminated  or  altered  by  the  application  of  force. 

{2.  Is  weight  a  property  of  matter? 

A.  It  is  generally  so  considered.     But  for  aught  we  know,  there 
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I  be  mailer  without  weight.  It  does  not  necessarily  follow,' 
-,  thai  the  atoms  of  which  matter  is  composed  have  any 
real  magnitude,  and  according  lo  Boscovich's  hypothesis,  they  may 
be  mei-e  mathematical  points,  each  surrounded  by  an  atmosphere 
of  force  or  heat. 

Q,  Arc  light  and  heal  forms  of  matter 

A.  No ;  light  and  heat  are  forms  of  motion.     They  are  wai 
or  undulations  in  a  subtle  fluid,  or  elher,  supposed  lo  penetralc 
space  !  and  electricity  is  believed  to  be  another  species  of  ii 
in  the  same  fluid.    This  fluid  has  probably  some  weight  and  ir 
seeing  that  the  light  of  the  sun  lakes  about  eight  minutes  to 
the  earth,  and  that  electricity  also  takes  a  certain  appreciable 
to  travri.     But  gravitation  acts  instantly,  without  any  appreciable 
interval  of  rime  elapsing,  and  it  appears  probable,  therefore,  that 
gravita^on  is  a  motion  propagated  in  a  still  lighter  ether, 
•of  no  weight 

MOTION,  TIME,  SPACE,  PRESSURE,   AND  POWER,  OR  WORK. 
Q. 
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.  Change  of  place. 

Q.  And  what  is  time  ? 

A.  It  is  a  record  of  the 
time  most  generally  employed  is  the  mol 
by  which  the  time  of  clocks  is  regulated. 

Q.  What  is  space  ? 

A.  Space  may  be  of  three  kinds,  namely  ;  length  or  linear  dis- 
tance, which  is  a  space  of  one  dimension ;  of  area  or  superficies, 
which  is  a  space  of  two  dimensions;  and  of  capacity  or  bulk,  which 
is  a  space  of  three  dimensions.  Mathematicians  maintain  thai  there 
may  be  spaces  of  four  or  more  dimensions.  Bui  the  demonstration 
of  the  soundness  of  this  contention  has  not  yet  been  made  \'ery  in- 
telligible to  the  public  at  large. 

Q,  What  is  pressure  ?  ' 

A.  It  is  a  force  acting  without  motion,  such  as  the  force  d 
gravity,  acting  on  a  heavy  body  lying  on  the  surface  of  the  earth.  ^ 

Q.  What  is  power?  ' 

A.  Power,  or  work,  is  pressure  acting  through  space,  and  the 
amount  of  the  power  is  measurable  by  the  amount  of  the  pressure 
which  acts  through  a  given  space  in  a  given  time,  or  by  the  amount 
of  the  space  through  which  a  given  pressure  acts  in  a  given  lime. 


Foot-pounds^  Horse-power^  and  otiur  Units,         1 5 

Thus,  in  an  engine,  the  pressure  on  the  piston  acting  through  the 
length  of  the  stroke  generates  a  certain  amount  of  power  per  stroke, 
and  this  multiplied  by  the  number  of  strokes  made  per  minute, 
gives  an  expression  for  the  power  generated  per  minute.  The 
velocity  of  the  piston  is  measured  by  the  distance  travelled  by  it  in 
a  given  time, — generally  by  the  number  of  feet  it  passes  through  in 
the  minute. 

2.  Is  there  any  unit  of  work,  or  vis  viva^  by  which  the  power 
exerted  by  a  machine  or  force  is  measured  ? 

A,  There  are  several  such  units ;  one  is  the  work  required  to 
lift  a  pound  weight  a  foot  high,  which  is  called  a  foot-pound,  and 
another  is  the  work  required  to  lift  33,000  pounds  a  foot  high  in 
each  minute  of  time,  which  is  called  a  horse-power,  this  being  the 
work  which  Mr.  Watt  found  that  the  strongest  horses  could  con- 
tinuously perform.  An  ordinary  cart  horse,  walking  at  its  best 
speed,  will  advance  about  216  feet  per  minute,  and  will  in  general 
draw,  with  a  force  of  traction,  about  120  lbs.  It  will  thus  perform 
only  about  0783  of  the  work  assumed  by  Watt  in  the  standard  es- 
tablished by  him.  A  man-power  is  usually  taken  at  one-eighth  of 
a  horse-power.  It  is  best  exerted  by  the  man  ascending  a  ladder  or 
stair,  raising  his  own  weight,  say  143  lbs.,  30  ft  per  minute.  The  best 
load  for  an  ox  is  the  same  as  that  for  a  horse,  and  the  best  velocity 
\  that  of  a  horse,  making  the  work  also  §.  For  a  mule  the  velocity 
should  be  the  same  as  that  for  a  horse,  and  the  load  half  as  great, 
making  the  work  also  half ;  and  for  an  ass  the  velocity  should  be 
about  the  same  as  for  a  horse  or  mule,  and  the  load  \  of  that  for  a 
horse,  making  the  work  done  also  J. 

0.  Can  a  force  once  called  into  existence  be  destroyed  .^ 

A.  No ;  force  is  eternal  if  by  force  you  mean  power,  or  in  other 
words,  pressure  acting  through  space.  But  if  by  force  you  mean 
mere  pressure,  then  it  furnishes  no  measure  of  power.  Power  is 
not  measurable  by  force  alone,  but  by  force  and  velocity  combined. 

Q.  Is  there  no  loss  of  power  by  the  use  of  the  crank  ? 

A.  Not  any.  Many  persons  have  supposed  that  there  was  a 
loss  of  power  by  the  use  of  the  crank,  because  at  the  top  and  bottom 
centres  it  is  capable  of  exerting  little  or  no  power  ;  but  at  those 
times  there  is  little  or  no  steam  consumed,  so  that  no  waste  of 
power  is  occasioned  by  the  peculiarity.  Those  who  imagine  that 
there  is  a  loss  of  power  caused  by  the  crank  perplex  themselves 
by  confounding  the  vertical  with  the  circumferential  velocity.  If 
the  circle  of  Ihe  crank  be  divided  by  any  number  of  equidistant 


l6  Power  Required  to  Separate  Carbon  from  Atmospltei 

bori/onial  lines,  it  will  be  obvious  that  there  must  be  the  s 
steam  consumed,  and  the  same  power  expended,  when  the  ciaid 
pin  passes  from  the  level  of  one  line  to  the  level  of  the  other,  il 
whatever  part  of  the  circle  it  may  be,  those  lines  being  indie 
of  equal  ascents  or  descents  of  the  piston.  But  it  will  be  seen  that 
the  circumferential  velocity  is  greater  with  the  same  expenditure  of 
steam  when  the  crank  pin  approaches  the  top  and  bottom  centres  ; 
and  this  increased  velocity  relatively  with  the  piston-travel  exactly 
compensates  for  the  diminished  leverage,  so  that  there  is 
power  given  out  by  the  crank  in  each  of  the  divisions. 
2.  Is  not  power  lost  when  two  moving  bodies  strike  or 
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A.  No,  not  even  then.    The  bodies,  if  elastic,  will  rebound 
one  another  with  their  original   velocity  ;  if  not  elastic,  ihey 
sustain  an  alteration  of  form,  and  heat  or  electricity  will  be  gene^' 
rated  of  equivalent  value  to  the  power  which  has  disappeared. 

Q.  Then,  if  mechanical  power  cannot  be  lost,  and  is  being  daily 
called  into  existence,  must  not  there  be  a  daily  increase  in  the 
power  existing  in  the  world? 

A.  That  appears  probable,  unless  it  flows  back  in  the  shape  ol 
heat  or  electricity  to  the  celestial  spaces.  The  source  of  mechanical 
power  is  the  sun,  which  exhales  vapours  that  descend  in  rain,  to 
turn  mills,  or  which  causes  winds  to  blow  by  the  unequal  rarefaction 
of  the  atmosphere.  It  is  from  the  sun,  too,  that  the  power  comes 
which  is  liberated  in  a  steam  engine.  The  solar  rays  enable  plants 
to  decompose  carbonic  acid  gas,  the  product  of  combustion,  and  the 
vegetation  thus  rendered  possible  is  the  source  of  coal  and  other 
combustible  bodies.  The  combustion  of  coal  under  a  steam  boiler, 
therefore,  merely  liberates  the  power  which  the  sun  gave  out 
thousands  of  years  before. 

Q.  Can  you  tell  how  much  power  the  sun  must  have  been  ei 
ing  during  twelve  hours  to  separate  a  Ion  of  carbon  from  the 
sphere  f 

A.  Assuming  that  tlie  sun  works  without  waste,  the  power  con- 
sumed in  effecting  the  separation  will  be  tlie  same  as  that  which 
would  be  generated  in  a  perfect  engine  by  the  combustion  of  a  ton 
of  carbon  :  and  the  amount  of  this  power  is  easily  computable.  If 
2,340  lbs.  of  carbon  have  to  be  separated  in  twelve  hours,  one- 
twelfth  of  this  must  be  separated  in  one  hour,  and  one-sixtieth  of 
ihiSjOrj'i  lbs.,  will  have  to  be  separated  every  minute.  Now, 
therma]  tmit  being  the  amount  of  heat  necessary  to  rais 
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water  i  degree  Fahr.,  and  i  lb.  of  carbon  being  able  to  raise 
14,500  lbs.  of  water  i  degree,  we  have  14,500  x  3*1  -  44,950  thermal 
units  expended  per  minute.  Then  we  know,  from  the  principles  of 
thermo-dynamics,  that  the  mechanical  equivalent  of  a  thermal  unit 
is  772  lbs.  weight  raised  through  i  foot  The  mechanical  equivalent, 
therefore,  of  44,950  thermal  units  will  be  44,950  x  772  -  34,701,400 
foot-pounds  expended  per  minute,  and  this  divided  by  33,000- 
1051*5  actual  horses-power. 


PARALLELOGRAM  OF  FORCKS,  EQUILIBRIUM  OF  FLUID  PRESi>URE, 

AND  CAPILLARY  ATTRACTION. 

Q.  How  is  the  magnitude  of  different  pressures  or  forces 
determined  ? 

A,  The  weight  of  a  body,  or  its  pressure  downward  by  gravita- 
tion, is  usually  determined  by  a  balance,  or  pair  of  scales,  such  as 
is  shown  in  fig.  7.    The  object  to  be  weighed  is  placed  in  one 


Fig.  7.— Fur  of  Scales. 

scale,  and  a  sufficient  number  of  known  weights  is  introduced  into 
the  other  to  establish  an  equilibrium,  when  the  beam  of  the  scales 
vi3  be  leveL    If  we  have  several  forces  or  pressures  acting  in 
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different  directions,  the  general  result  of  them  may  be  determined 
by  the  aid  of  the  parallelogram  of  forces.  If  two  forces  act  on  a 
point,  and  if  lines  be  drawn  from  that  point  representing  both  in 
direction  and  magnitude  the  forces  or  pressures  operating,  then  if 
a  parallelogram  be  constructed  by  the  addition  of  equal  and  oppo- 
site lines,  the  resulting  force  or  pressure  will  be  represented  both 
in  magnitude  and  direction  by  the 
diagonal  of  the  parallelogram.  Thus, 
let  H  and  K  be  two  pulleys,  and  Q  P 
weighted  strings  passing  over  the  pul- 
leys and  fastened  at  a  to  another 
string,  L,  from  which  a  weight,  R,  is 
L  suspended.    Then,  if  we  complete  the 

fl  parallelogram  by  adding  Ihe  lines  c  D 

and  B  D,  which  are  equal  and  oppo- 
«,  .     a     E  ogtMB  D    QTcia.     ^j^^  to  c  A  and  B  A,  representing  Q  and 
P,  it  will  follow  that  the  diagonal  d  a  will  represent  both  in  magni- 
tude and  direction  the  strain  or  pressure  exerted  by  the  weight  R. 

Q.  What  is  meant  by  saying  that  water  will  always  find  its  own 
level  ? 


A.  It  means  that  just  as 
water  is  level,  and  no  one  pa 
if  water  be  ftoured 


'ill  stand  a 


[ranquil  lake  the  surface  of  the 
;s  above  another,  so  in  a  U  tube, 
le  same  height  in  each  leg. 
Nor  will  this  law  be  altered 
if  one  leg  be  larger  in  dia- 
meter than  the  other,  or  if 
it  be  serpentine  or  inclined. 
I"  f'S-  %  for  example,  (he 
water  stands  at  the  same 
level  in  the  vase  u  and  in 
all  the  tubes  A,  B,  C  con- 
nected with  i(.  So,  in 
like  manner,  if  we  take  a 
central  vessel  with  pistons 
B,  C,  D,  E  lilted  into  its  sides, 
then  whatever  pressure  wc 
imparl  to  the  conlJiineiL^ 
liquid  by  the  piston  / 
be  equally  operative 
all  Ihe  other  pistons, 
however,  some  of  the  pistons  are  made  larger  than  othersj  thoa 


ri^  J.— Eqnilibriun  sf  Litiuiili. 


The  Hydraulic  Press,  ig 

which  are  the  largest  will  be  pressed  out  wiih  the  most  force,  the 
pressure  being  a  determinate  quantity  per  square  inch  of  area,  and 
those  pistons  which  have  the  most 
square  inches  in  their  superficies  will 
necessarily  have  the  greatest  collec- 
tive firessure,  just  as  many  weights  put 
into  a  pair  of  scales  would  necessarily 
preponderate  over  few.  It  is  the  pro- 
perty of  fluids  to  propagate  the  pressure 
imparted  to  them  equally  in  all  direc- 
tions, and  it  niti  be  obvious  that  if  the 
pistons  B,  C,  D,  and  E  be  made  very  large 
relatively  with  A — or  what  comes  to  the 

same  thing,  if  A  be  made  very  small        Fij.  Bx-nuidPrtwu™. 
relatively  with  the   other   pistons,   then 

by  applying  a  moderate  force  or  pressure  to  A,  the  other  pistons 
will  be  moved  slowly  outwards  with  very  great  force.  Advani^e 
is  taken  of  this  property  in  the  construction  of  the  hydraulic 
press,  shown  in  fig.  1 1,  where  B  is  a  c)linder  within  which  a  smooth 


phinger,orram,works,  made  tight  at  the  neck  by  a  collar  of  leather 
a.  ^  is  a  small  plunger-pump  into  which  water  is  sucked  through 
a  small  valve,  o,  and  is  expelled  through  another  vaN-e,  o\  through 
the  pipe  K  into  the  cylinder  B.  r  is  a  screw  to  let  the  water  escape 
chen  desired,  i  is  a  safety-valve,  and  A  is  a  screw  to  close  the 
bole  through  which  the  valve  o'  has  been  introduced.  Supposing 
the  ram  of  the  pump  to  be  i  inch,  and  the  ram  of  the  press  lo 


The  Law  of  Virhtal  Velocities. 


20 

inches,  then  the  ram  of  the  press  will  be  forced  upwards  nith  a 
hundred  limes  the  pressure  with  which  the  ram  of  the  pump 
is  forced  down.  If  ihiit  be  roo  ibs.,  then  the  ram  of  the  press 
will  be  forced  upward  widi  a  hundred  times  loo  lbs,,  or  10,000  lbs. 
g.  You  have  stated  that  water  in  a  tranquil  state  will  neces- 
siirily  all  subside  to  the  same  level.     If 


take  two  squares  of  glass  touching 
at  one  edge  and  slightly  inclined  to  one 
another,  as  in  fig.  12,  and  dip  them  in 
water,  will  not  the  water  rise  between 
them  to  a  greater  height  than  the  level 
of  the  nater  outside,  and  will  not  the 
water  be  highest  in  ihe  angle? 

A.  That  will,  no  doubt,  be  so.  But 
this  does  not  interfere  with  the  truth 
of  the  main  proposition  already  propounded.  Water  nill  remain 
in  very  small  tubes,  and  will  not  run  out  of  them.  But  this  is 
caused  by  an  attraction  existing  between  the  glass,  or  other 
material  of  which  the  tube  is  composed,  and  the  water.  Owing  to 
this  attraction,  the  U'ater  rises  to  a  somewhat  higher  point  at  the 
circumference  of  a  small  lube  than  it  does  at  its  centre.  But  in 
the  case  of  mercury  the  reverse  of  this  takes  place,  showing  that 
such  slight  deviations  from  the  general  law  are  accidental  to  the 
material.  If  a  small  capillary  tube  containing  water  be  electrified, 
the  water  will  at  once  run  out. 


\ 


VIRTUAL  VELOCITIES,  THE  MECHANICAL  POWER.S, 
DEIEKM I  NATION  OF  STRAINS. 

Q.  What  is  meant  by  the  law  of  virtual  velocities  ? 

A.  The  law  of  virtual  velocities  lies  at  the  root  of  mechanical 
philosophy,  and  its  distinct  apprehension  affords  a  means  of  eajy 
solution  to  a  vast  number  of  questions  arising  in  engineering 
practice  As  power  has  been  delined  lo  be  pressure  acting  through 
space,  the  amount  of  power  ivjU  be  determinable  by  the  amount  o( 
the  pressure  multiplied  by  the  amount  of  the  space  through  which 
the  pressure  acts.  A  small  pressure  acting  through  a  great  space 
will  represent  as  much  power  as  a  large  pressure  acting  through  a 
small  space,  the  space  multiplied  by  the  pressure  hting  in  evcr>- 
case  a  constant  quantity.  Thus  33.000  Ibs.  raised  i  foot  high  in 
each  minute  represents  a  horse-power.     But  i  lb.  raised  through 
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33,ocx>  feet  will  equally  represent  a  horse-power,  or  16,500  lbs. 
raised  through  2  feet,  or  66,000  lbs.  raised  through  6  inches. 
When,  therefore,  we  know  the  power,  and  also  know  the  velocity, 
we  can  tell  the  pressure  or  strain,  and  we  can  so  vary  the  propor- 
tion of  the  first  and  last  velocities  in  any  machine  as  to  make  the 
resulting  pressure  as  great  as  we  think  fit. 

Q.  What  do  you  understand  by  the  mechanical  powers  ? 
A,  The  mechanical  powers  are  certain  contrivances,  such  as 
the  wedge,  the  screw,  the  inclined  plane,  and  other  elementary 
machines,  which  convert  a  small  force  acting  through  a  great  space 
into  a  great  force  acting  through  a  small  space.    In  the  school  trea- 
tises on  mechanics,  a  certain  number  of  these  devices  are  set  forth 
as  the  mechanical  powers,  and  each  separate  device  is  treated  as  if 
it  involved  a  separate  principle  ;  but  not  a  tithe  of  the  contrivances 
which  accomplish  the  stipulated  end  are  represented  in  these 
learned  works,  and  there  is  no  very  obvious  necessity  for  con- 
sidering the  principle  of  each  contrivance  separately  when   the 
principles  of  all  are  one  and  the  same.    Every  pressure  acting  with 
a  certain  velocity,  or  through  a  certain  space,  is  convertible  into  a 
greater  pressure  acting  with  a  less  velocity,  or  through  a  smaller 
space  ;  but  the  quantity  of  mechanical  force  remains  unchanged 
by  this  transformation,  and  all  that  the  implements  called  mechani- 
cal powers  accomplish  is  to  effect  this  transformation. 
Q,  Is  there  no  power  gained  by  the  lever? 
A,  Not  any ;  the  power  is  merely  put  into  another  shape,  just 
as  the  contents  of  a  hogshead  of  porter  are  the  same,  whether  they 
be  let  off  by  an  inch  tap  or  by  a  hole  a  foot  in  diameter.     There  is 
a  greater  gush  in  the  one  case  than  the  other,  but  it  will  last  a 
shorter  time  ;  when  a  lever  is  used  there  is  a  greater  force  exerted, 
but  it  acts  through  a  shorter  distance.     It  requires  just  the  same 
expenditure  of  mechanical  power  to  lift  i  lb.  through  100  feet  as  to 
lift  100  lbs.  through  i  foot.     A  cylinder  of  a  given  cubical  capacity 
win  exert  the  same  power  by  each  stroke,  whether  the  cylinder  be 
made  tall  and  narrow,  or  short  and  wide  ;  but  in  the  one  case  it 
will  raise  a  small  weight  through  a  great  height,  and  in  the  other 
case,  a  great  weight  through  a  small  height. 

Q.  Have  no  plans  been  projected  for  gaining  power  by  means 
of  a  lever  ? 

A.  Yes,  many  plans — some  of  them  displaying  much  ingenuity, 
but  all  displaying  a  complete  ignorance  of  the  first  principles  of 
mechanics,  which  teach  that  power  cannot  be  gained  by  any  multi- 


22  Action  of  the  Leva: 

plicaiion  of  levers  and  wheels.  1  have  occasionally  heard  pers 
say :  'Vou  gain  a  great  deal  of  power  by  the  use  of  a  capsiaj 
why  not  apply  the  same  resource  in  the  case  of  a  steam  vessel,  i 
increase  the  power  of  your  engine  by  placing  a  capstan  motiol 
between  the  engine  and  paddle-wheels?"  Others  1  have  hea 
say :  '  By  the  hydraulic  press  you  can  obtain  unlimited  powei 
not,  then,  interpose  a  hydraulic  press  between  the  engines  a: 
propeller?'  To  these  questions  the  reply  is  sufficiently  obvii 
Whatever  you  gain  in  force  you  lose  in  velocity  ;  and  it  ^ 
bencRi  you  little  to  make  the  paddles  revolve  with  ten  time 
force,  if  you  at  the  same  time  caused  them  to  make  only  a  tenth  fl 
the  number  of  revolutions.  Vou  cannot,  by  any  combinaiio; 
mechanism,  get  increased  force  and  increased  speed  at  the  s 
time,  or  increased  force  u-ithout  diminished  speed  :  and  it  is  fitf 
the  ignorance  of  this  inexorable  condition  that  such  myriads 
schemes  for  the  realisation  of  perpetual  motion,  by  combinationsfl 
levers,  weights,  wheels,  quicksilver,  cranks,  and  other  mere  piefi 
of  inert  matter,  have  been  propounded. 

Q,  Will  you  illustrate  what  you  have  stated  by  some  examples 
A.  In  fig.  13,  let  A  B  be  a 
lever,  not  «iih  equal  arms  as 
in  a  pair  of  scales,  but  with  the 
fulcrum  c  two-thirds  from  one 
end  and  one-third  from  the 
other,  -ib  being  the  position 
when  the  lever  is  hori/onial 
It  will  follow  that  the  pull  at  p 
is  only  half  as  great  as  the  pull 
of  the  weight  at  Q  ;  but  then 
the  space  A  a,  passed  through 
by  the  long  end  of  the  lever, 
is  twice  as  great  as  the  space 
B  A,  passed  through  by  the 
short  end.  So  again  in  the 
inclined  plane,  shown  in  Jig.  14,  r  s  is  the  plane,  which  may  be  set 
at  any  desired  point  of  steepness  or  acclivity,  R  T  being  the  hori- 
lontal  length  of  the  plane  and  ST  its  vertical  height,  a  is  a  roll- 
ing weight,  balanced  on  the  plane  by  the  weight  P,  hung  at  the 
end  of  a  line  passing  over  a  pulley.  -Now,  by  the  principle  nf 
virtual  velocities,  if  the  rise  of  the  plane  be  I  in  i,  iher 
tH-o  feet  that  the  weight  is  moied  along  ilie  plane  in  tht 
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KS,it  will  be  raised  vertically  cne  foot ;  or,  in  other  words,  while  p 
falls  a  fool,  a  will  only  be  raised  vertically  6  inches.  It  will  follow  that 
I  Ilk  added  to  the  scale  P  will  balance  2  lbs.  added  to  the  weight, 
* ;  (»',  in  other  words, 
the  weight  a  will 
be  in  equilibrium  on 
the  plane  when  its 
gravity  is  twice  that 
of  the  weights  in  P. 
The  less  the  accli- 
vity of  the  plane, 
the  smaller  will  be 
the  distance  through 
^licb  the  weight  is 
Bfied  vertically  per 
foot  of  advance  up 
the  plane,  and  the 
less  the  traction  will  require  to  be ; 
which  is  only  saying  that  a  gentle  rise 
will  be  more  easily  surmounted  than 
a  steep  one.  If  we  describe  ihc  paral- 
klogram  achd,  then  ac  will  represent 
the  pressure  acting  in  the  line  of  the  plane, 
ai/the  pressure  acting  at  right  angles 
with  the  plane,  and  11 A  the  vertical  pres- 

Q,  Is  not  the  wedge  a  foim  of  in- 
clined plane  ? 

A.  The  wedge,  as  shown  by  fig.  1 ;, 
is  two  inclined  planes  set  bark  to  back, 
where  ab  \i  the  driven  end  of  Ihc 
wedge,  c  its  point,  and  Jg  the  points 
where  the  splitting  force  acts.  Draw 
the  ^at&fe  and  ge  3X  right  angles  with 
the  splitting  sides,  and  complete  the 
parallelogram  by  drafting  the  doited  lines /A  and^A 
gooal  ek  will  represent  the  resultant  of  the  splitting  r 
tending  to  force  the  wedge  back, 

Q.  Is  not  the  screw  in  reality  an  inclined  plane  wound  on  a 
cyUndcr  ? 

A.  It  is,  as  will  be  seen  by  considering  the  structure  of  a  spiral 
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slair,  or  by  a  reference  to  the  annexed  figures,  where  tig.  I6  rcpre 


senis  an  inclined  plane  wound  o 

Ma  cylinder,  the  same  letters  show^ 
inj!  the  positions  on  the  cylinder, 
:iiid  on  the  plane  when  drawn  out. 
I-  IK.  1 7  represents  an  ordinary 
,j.  rig.  is.  screw,    and    lig.    i8  the    nui    in 

which  ii  works. 
\  the  screw  much  used  as  a  convenient  instrument  for 
strong  local  pressures  and  for  moving  hca\7  weiglits? 
_     _  _  A.     Machines 

every  kind  are  mnstljri 
held  logellier  by  screwvj 
bolts  ;  and  such  i 

for  lifting  heavy  wcight^l 
are  also  in  extended  usb  | 
One  of  these  is 
in  fig.  19,  where  A 
screw  and  B  the  nut 
supported  by  short  leg 
set  on  a  sliding 
which  may  be  moved 
longitudinally  to  some 
extent,  cither  before  the 
pressure  has  been  \ 
on  or  afterwards,  c  i«] 
the  handle  «hich  1 


round     the 
means    of    . 
wheel    formed 


raichet*  1 


which  15  cnga^'cd  by  a  pall  inserted  in  the  eye  of  the  liandle.     The  I 
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handle  may  be  made  as  long  as  (is  thought  desirable.  In  the  figure 
it  has  been  broken  short  to  contract  the  size  of  the  cut 

Q.  Will  you  show  how  the  weight  which  can  be  lifted  by  a  jack 
of  this  kind  is  to  be  determined  ? 

A.  The  first  thing  is  to  fix  the  length  of  the  handle  and  the  force 
which  is  to  be  applied  at  the  end  of  it.  The  next  thing  is  to  ascer- 
tain the  pitch  of  the  screw,  or  the  vertical  distance  between  the 
threads,  which  determines  the  distance  through  which  it  will  be 
mo\'ed  on  end  at  each  revolution.  Suppose  that  the  handle  is  3  feet 
long,  and  that  the  pressure  applied  at  the  end  of  it  to  turn  the  screw 
is  30  lbs.  Suppose,  further,  that  the  pitch  of  the  screw  is  half  an 
indL  As  the  handle  moves  in  a  circle  of  72  inches  diameter,  or 
226  inches  circimiference,  it  is  clear  that  the  initial  and  terminal 
velocities  will  be  in  the  proportion  of  226  to  i,  or  452  to  i.  In 
other  words,  the  initial  pressure  of  30  lbs.  will  be  increased  452 
times  by  the  machine,  or  it  will  be  made  6,780  lbs,,  or  over  3  tons. 
By  doubling  the  pressure  on  the  handle,  the  force  of  the  jack  will 
also  be  doubled  ;  and  just  in  the  proportion  of  the  increase  of  the 
force  will  be  the  diminution  of  the  distance  through  which  it  acts 
per  revolution. 

Q,  Will  you  show  in  what  way  the  principle  of  virtual  velocities 
can  be  applied  to  determine  the  weight  which  can  be  lifted  by  a 
rope  and  pulleys  ? 

A.  Nothing  is  simpler.  If  we  lift  a  weight  by  a  rope  passing 
over  a  single  pulley,  as  in  fig.  20,  the  weight  will  be  lifted  as  fast  as 
the  rope  is  drawn  in  ;  and,  as  in  a  pair  of  scales,  the  weight  at  one 
end  of  the  rope  will  be  balanced  by  an  equal  weight  or  pull  at  the 
other  end.  If,  however,  we  introduce  another  pulley,  as  in  fig.  21, 
it  is  clear  that  if  we  raise  the  weight  suspended  from  the  hook  by 
I  foot,  we  must  pull  down  the  rope  through  2  feet,  seeing  that  each 
of  the  two  ropes  has  to  be  shortened  a  foot :  and  this  length  of  rope, 
therefore,  we  must  have  pulled  down.  If  we  increase  the  number 
of  pulleys,  as  in  figs.  22  and  23,  we  must  also  increase  the  number 
of  ropes,  each  of  which  has  to  be  shortened  a  foot  for  each  foot 
through  which  the  weight  is  raised  ;  and  as  these  collective  lengths 
have  all  to  be  pulled  through  the  hands,  the  amount  of  pulling  or 
space  passed  through  by  the  rope  in  each  foot  of  lifting  will  vary 
with  the  number  of  ropes,  and  just  in  the  proportion  of  the  space 
passed  through  will  be  the  lifting  power.  A  pair  of  blocks,  there- 
fore, connected  by  six  turns  of  rope,  each  of  which  has  to  be 
shortened  one  foot  for  each  foot  that  the  weight  is  lifted,  will  lift  a 
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weight  six  times  greater  than  the  weight  or  pull  imparted  to  th« 
iniliaJ  rope  by  which  the  pulling  is  performed. 

Q.  Does  the  same  Uw  apply  in  the  case  of  wheelwork  ? 


I 


A,  It  applies  in  every  case.  Tn  fig.  34  is  represented  a  ci 
form  of  crab  %vinch  employed  to  lift  weights,  A  A  being  the  handles, 
which  are  cut  short  in  the  cut  to  save  space,  B  ihe  barrel  on  which 
the  rope  is  wound,  and   C  and   D  a  pinitm  and  toothed  wheel  by. 


Tht  Crab  Winch. 
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ich  the  moTion  of  the  handles  is  impart(Ml  to  the  barrel.     If  wc 

le  what  weight  such  a  winch  will  lift,  we  have  only 

I  ajnount  of  force  is  Imparted  to  the  handles  and 

e  circumferential  distance  through  which  they  are  moved  at  each 

roluiioa.     If  the  »uifacc  of  ihe  barrel  moves  with  one-sixth  of  the 

1  of  the  handles,  then  the  weight  which  the  rope  will  lift  will 

imes  the  weight  or  pressure  exerted  upon  the  handles,  but 

(til)-  move  ihtough  one-sixth  of  ihe  distance  in  the  same  lime. 


Fig.  M.- Bind  Wbch. 

e  wkh  to  lift  a  greater  weight,  we  must  make  the  rope  move 
r,  cither  by  the  inicrpositian  of  tnore  tnothed  wheels  or 
e  weight  which  can  be  lifted  by  any  gi^'cn  initial  force 
e  great  in  ihc  direct  ratio  of  ihe  slowness  of  the 
li  which  the  weight  is  raised. 
Q.  Then  the  same  principle  will  also  apply  10  the  hydraulic 
prewf 

A.  Certainly.    As  I  have  beAre  stated,  it  applies  to  everything, 
r.ri  i:  i*  only  on  account  of  the  great  importance  and  universality 
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of  the  principle  Ihal  it  is  expedient  to  expend  so  much  space  in  its' 
exposition.  An  example  of  a  hydraulic  press  is  given  in  fig.  25, 
where  A  is  the  smali  pump  by  which  the  water  is  sent  into  the  press, 
which  water  it  draws  through  the  rose  a,  set  in  the  cistern  H.  B  is 
the  cylinder,  and  P  the  plunger,  or  ram,  of  the  press,  and  p  the 
plunger  of  the  pump,  which  is  worked  by  the  handle  M.  A  lealhei"' 
collar  is  interposed  at  the  neck  of  the  cylinder  n  to  make  the  Joiniy 
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tight,  and  K  is  a  tube  for  conveying  the  water  from  the  pump  to  the 
press.  In  the  best  hydraulic  presses  two  pumps  arc  usually  tilted ; 
,  a  large  one,  to  bring  the  ram  of  the  press  up  to  its  work 
rapidly,  and  the  other,  a  small  one,  to  imparl  a  very  high  pressure 
when  the  tabic  of  the  press  has  been  brought  up  against  the  bale. 
Here,  as  in  other  cases,  the  pressure  will  be  proportionate  to  the 
slowness  of  the  motion,  and  the  slower  will  be  the  motion  the  smaller 
is  the  pump.     To  introduce  a  smaller  pump  is  tantamount  to  intro- 
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ducing  a  larger  cylinder ;  and  hence,  the  use  of  two  pumps,  either  of 
which  may  be  used  as  occasion  arises,  is  to  be  commended. 

Q,  If  the  law  of  virtual  velocities  enables  you  to  determine  the 
pressures  or  strains  to  which  machines  are  subjected,  will  it  not 
also  enable  you  to  determine  the  strengths  proper  to  be  used  in 
such  machines  to  resist  fracture  ? 

A.  It  will ;  and  not  merely  the  strengths  of  machines,  but  the 
strengths  proper  for  beams  and  structures  of  every  kind.  For 
although  many  of  these  objects,  or  the  parts  of  them,  have  no  velo- 
cit)',  and  therefore  no  comparable  elements,  we  have  only  to  suppose 
them  to  break,  which  introduces  the  necessary  element  of  motion  ; 
and  we  can  thereafter  deal  with  the  strains  or  pressures  existing  at 
the  breaking  or  moving  parts,  on  the  principle  of  virtual  velocities, 
which  enables  the  magnitude  of  those  strains  to  be  easily  discovered. 
In  any  machine,  such  as  a  crane  or  winch,  the  strengths  proper  for 
the  different  parts  are  obviously  dependent  on  the  strains  there  sub- 
sisting, or,  in  other  words,  upon  the  slowness  of  the  motion  there 
subsisting ;  and  this  principle  is  applicable  to  the  framing  and  other 
stationary  parts,  as  well  as  to  those  parts  which  move,  such  as  the 
wheels  and  axles.  The  handles  of  the  crane,  as  but  a  small  pres- 
sure or  strain  will  be  applied  to  them,  need  not  be  very  strong, 
whereas  the  chain  and  chain-barrel,  the  jib,  and  the  central  pillar 
have  to  be  strong  enough  to  bear  with  safety  the  maximum  weight 
the  crane  is  intended  to  lift,  and  intermediate  parts  as  they  have 
intermediate  velocities,  and  therefore  intermediate  strains,  must  also 
have  intermediate  strengths. 

Q.  But  how,  by  the  principle  of  virtual  velocities,  do  you  deter- 
mine the  strengths  proper  for  stationary  objects,  such  as  a  beam  or 
cantilever,  to  resist  any  given  strain  ? 

A.  Let  fig.  26  represent  a  projecting  beam  or  bracket  fixed  to  a 
wall,  and  consisting  of  two  wrought  iron  tubes,  a  a',  firmly  fixed  into 
the  wall  at  one  end,  and  securely  united  by  an  eye  at  the  apex  B, 
from  which  eye  the  weight  w  depends.  In  all  iron  beams  the 
strength,  other  things  being  equal,  depends  upon  the  sectional  area 
of  the  upper  and  lower  flanges.  If  the  beam  be  one  supported  at 
each  end  and  loaded  in  the  middle,  the  upper  flange  will  be  broken 
by  compression  and  the  lower  by  extension.  But  in  an  arrange- 
ment, such  as  that  shown  in  fig.  26,  the  upper  tube  will  be  broken 
by  extension  and  the  lower  by  compression.  At  some  place  inter- 
mediate between  the  top  and  bottom  flanges  of  a  solid  beam  there 
will  be  a  point  called  the  neutral  axis,  where  the  metal  is  neither 
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extended  nor  com 
when  the  beam  is 
and  all  the  mcia 
however,  in  the  w 

portion  to  its  dista 
to  the  strength,  an 
as  residing  in  the 
sectional  area  of  i 
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ressed.     But  all  the  metal  above  it  is  compresseSlH 
supported  at  the  ends  and  loaded  in  the  middlodH 
below  the  neutral  axis  is  extended.    The  meca]^^| 
b  of  the  beam  being  unequally  strained  in  pr»-^| 
nee  from  the  neutral  axis,  contributes  very  little 
d  so  it  is  customary  to  regard  the  total  strength 
upper  and  lower  flanges,  and  measurable  by  the 
liem.     Now  the  tensile  and  crushing  strength  of 
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all  tnaierials  are  n 
of  the  top  and  bat 
^        in  ihe  middle  of  ih 
^L       sile  and  crushing  s 
^H       of  a  wrought  iron 
^B       In  the  case  of  the 
^m       by  extension  at  a 
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31  (he  same,  and  therefore,  if  ihe  sectional  area»^| 
om  flanges  are  equal,  the  neutral  axis  «ill  not  lie^| 
c  web.    But  in  the  case  of  wrought  iron  the  ten-  ^ 
irengihs  are  nearly  equal,  and  so  the  neutral  axis 
beam  will  be  nearly  in  the  middle  of  iis  depth. 
combination  shown  in  lig.  26,  the  pipes  will  tear       1 
and  crush  by  compression  at  u'  at  the  same  ^H 
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moment,  and  c  will  be  the  neutral  axis  round  which  this  tearing 
and  crushing  will  take  place.  The  dotted  line  c  a  and  c  B,  there- 
fore, form  the  arms  of  a  bell  crank  lever,  and  the  strain  which  any 
weight  placed  at  w  will  exert  will  depend  upon  how  much  r  B  is 
greater  than  ca.  If  the  distance  between  a  and  a'  be  the  same  as 
that  between  c  and  B,  we  have  in  such  case  a  T  lever,  one  of  the 
arms  of  which  draws  and  the  other  compresses  with  equal  force, 
which  is  equivalent  to  having  a  bell  crank  with  equal  arms  ;  or, 
taking  the  distance  ca  as  half  of  the  distance  ^B,  a  square  inch  of 
section  of  metal  in  the  chain  will  be  equal  in  strength  to  two  square 
inches  in  the  pipe  at  a.  But,  as  half  the  strain  is  supported  by  the 
compression  of  the  lower  pipe  at  a\  it  will  follow  that  the  conjoint 
strengths  of  a  square  inch  extended  at  <2,  and  of  a  square  inch  com- 
pressed at  a\  will  be  equal  to  a  square  inch  in  the  section  of  the 
chain.  If  the  pipes  be  only  spread  half  as  much,  as  shown  by  the 
dotted  lines  bb\  the  effective  strength  of  each  square  inch  of  section 
of  metal  in  the  pipes  will  only  be  half  as  great,  simply  because  the 
distance  through  which  the  fractured  ends  would  move  with  any 
given  descent  of  the  weight  would  only  be  half  as  gre^t,  and  the 
strain  is  measurable  by  the  smallness  of  this  motion. 

Q.  Will  you  further  illustrate  the  application  of  this  principle  by 


Fig.  a;.— Beam  loaded  at  Centre. 

taking  the  case  of  a  wrought  iron  girder  or  beam,  supported  at  the 
ends  and  loaded  in  the  middle  ? 


Law  of  Falling  Bodies. 

IS  that  we  may  equally  load  a  beam  in  \Y 
IS  centre  and  pulling  up  Us  ends,  as  by  support- 
ing its  ends  and  placing  weight  on  its 
centre.  Such  an  arrangement  is  shown 
in  fig.  27,  where  A  A  are  two  T-shaped 
levers,  the  cross  arms  answering  to  the 
depth  of  the  beam,  and  the  long  portions 
answering  to  half  the  length  of  the  beam. 
c  is  the  neutral  a.\is  secured  by  a  chain 
to  the  post  B,  driven  tirmly  into  the 
ground,  a  answers  to  the  position  of  the 
upper  flange,  which  is  compressed,  and 
a'  to  the  position  of  the  lower  flange, 
ivhich  is  extended.  Here  as  in  the  for- 
cner  case,  the  strain  exerted  by  any  given 
weight  will  be  in  the  proportion  of  half 
the  length  of  the  beam  to  the  depth.  If, 
then,  the  length  of  the  beam  be  100  feet 
and  its  depth  10  feet,  the  strain  will  be 
five  times  greater  than  would  be  pro- 
duced if  an  equal  weight  were  hung  upon 
the  same  sectional  area  of  melai  as  in  a 
chain  ;  and  the  sectional  area  of  the 
flanges  must  consequently  be  five  limes 
increased  to  give  the  same  strength  as 
the  chain  would  have. 


VELOCITY     OF    FALLING     BODIES     AND  f 
MOMENTUM  OF  MOVING   BODIES. 

Q.  How  do  you  determine  the  veloci^ 
of  falling  bodies  of  different  kinds  ? 

A.  Alt  bodies  fall  with  the  same  v 
city,  when  there  is  no  rcsistai 
the  atmosphere,  as  is  shonn  by  the  e 
pcrimeni  of  letting  fall,  from  the  lop  ol 
a  tall  exhausted  receiver,  a  feather  and 
a  guinea,  which  reach  the  bottom  at  the 
eipeniBcii    ^^^^^  lime.    An  illustration  of  this  expcri- 
n  fig.  38.    The  velocity  of  falling  bodies  is  one  that  _ 
is  accelerated  uniformly,  according  to  a  known  law.     When  ihft. 
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height  from  which  a  body  falls  is  given,  the  velocity  acquired  at 
the  end  of  the  descent  can  be  easily  computed.  It  has  been  found 
by  experiment  that  the  square  root  of  the  height  in  feet  multiplied 
by  8'02 1  ^ill  give  the  velocity. 

Q.  But  the  velocity  in  what  terms  ? 

A.  In  feet  per  second.  The  distance  through  which  a  body 
fans  by  gravity  in  one  second  is  iS^'j  feet,  in  two  seconds  64-,\  feet, 
in  three  seconds,  1441*5  ^'^^  *"  ^^^^  seconds,  257/3  feet,  and  so  on. 
If  the  number  of  feet  fallen  through  in  one  second  be  taken  as 
unity,  then  the  relation  of  the  times  to  the  spaces  will  be  as 
follows : — 

Ac. 

so  that  it  appears  that  the  spaces  passed  through  by  a  falling  body 
are  as  the  squares  of  the  times  of  falling. 

Q.  Is  not  the  urging  force  which  causes  bodies  to  fall  the  force 
of  gravity  ? 

A.  Yes ;  the  force  of  gravity  or  the  attraction  of  the  earth. 
Q.  And  is  not  that  a  uniform  force,  or  a  force  acting  with  a 
uniform  pressure  ? 
A,  It  is. 

Q.  Therefore  during  the  nrst  second  of  falling  the  same  impel- 
ling pressure  will  be  given  by  the  force  of  gravity  as  during  every 
succeeding  second  ? 
A.  Undoubtedly. 

Q,  How  comes  it,  then,  that  while  the  body  falls  64^*5  feet  in  two 
seconds,  it  falls  only  i6j'^  feet  in  one  second  ;  or  why,  since  it  falls 
only  16^  feet  in  one  second,  should  it  fall  more  than  twice  i6j*j 
feet  in  two  ? 

A.  Because  there  is  more  of  the  force  of  gravity  used  up  in  a 
second,  when  the  falling  body  is  moving  fast,  than  when  it  is  moving 
slowly,  seeing  that  the  fast  body  will  travel  through  a  larger  space 
in  a  given  time.  The  16/5  feet  is  the  average  and  not  the  maxi* 
mum  velocity  during  the  first  second.  The  velocity  acquired  at 
tJu  endoi  the  ist  second  is  not  i(y^^  but  32I  feet  per  second,  and 
at  the  end  of  the  2nd  second  a  velocity  of  32 J  feet  has  to  be  added; 
so  that  the  total  velocity  at  the  end  of  the  2nd  second  becomes 
64I  feet :  at  the  end  of  the  3rd,  the  velocity  becomes  96I  feet,  at 
the  end  of  the  4th,  I28|  feet,  and  so  on.  These  numbers  proceed 
in  the  progression  i,  2,  3,  4,  &c.,  so  that  it  appears  that  the  velo- 
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cities  acquired  by  a  filing  body  at  different  points,  are  simply 
the  times  of  falling,  or  the  i-clocity  is  simply  proportionate  to  the 
time  during  which  the  force  of  gravity  acts.  But  if  the  velocities 
be  as  the  times,  and  the  total  space  passed  through  be  as  the 
squares  of  the  times,  then  the  total  space  passed  through  must  be 
as  the  squares  of  the  velocity  -,  and  as  the  power  inherent  in  a 
falling  body,  of  any  given  weight,  is  measutable  by  the  height 
through  which  it  descends,  it  follows  that  the  power  inherent  in  a 
moving  body  of  any  weight,  or  the  vu  viva  as  it  is  sometimes 
called,  is  proportionate  to  the  square  of  the  velocit>'.  Of  two  balls, 
therefore,  of  equal  weight,  but  one  moving  twice  as  fast  as  the 
other,  the  faster  ball  has  four  limes  the  mechanical  force  accumu- 
lated in  it  that  the  slower  ball  has.  If  the  speed  of  a  fly-wheel  be 
doubled,  it  has  four  times  the  vis  viva  it  possessed  before — vis 
viva  being  measurable  by  a  reference  to  the  height  through  which 
a  body  must  have  fallen,  to  acquire  the  velocity  given. 

Q.  By  what  considerations  is  the  vis  viva  or  mechanical  energy 
proper  for  the  fly-wheel  of  an  engine  determined  ? 

A.  By  a  reference  to  the  power  produced  every  half-stroke  of 
the  engine,  joined  to  the  consideration  of  what  relation  the  energy 
of  the  fly-wheel  rim  must  have  thereto,  to  keep  the  irregularities  of 
motion  within  the  limits  which  are  admissible.  It  is  found  in 
practice  that  when  the  power  resident  in  the  fly-wheel  rim,  when 
the  engine  moves  at  its  average  speed,  is  from  two  and  a-half  to 
four  times  greater  than  the  power  generated  by  the  engine  in  one 
half-stroke — the  cariation  depending  on  the  energy  inherent  in  the 
machinery  the  engine  has  to  drive  and  the  equability  of  motion 
required— the  engine  will  work  with  suBicient  regularity  for  many 
purposes,  but  where  great  equability  of  motion  is  required,  it  will 
be  advisable  to  make  the  power  resident  in  the  fly-wheel  equal  X" 
six  times  the  power  generated  by  the  engine  in  one  half-stroki. . 
Thus  in  a  cylinder  of  b\  inches  diameter  and  13  inches  stroki. 
working  with  an  average  pressure  of  steam  of  70  lbs.  per  squari 
inch,  and  making  277  revolutions  per  minute,  the  area  of  cylindei 
will  be  33  square  inches,  and  the  pressure  on  the  piston  33  »  70  ■ 
2310  lbs.  The  vis  viva  of  six  half-strokes  will  be  2310  lbs.  n  6J  ft. 
•  15015  foot-pounds.  If  the  diameter  of  the  fly-wheel  be  3J  feet, 
its  circumference  will  be  1 1  feet,  and  the  velocity  of  its  rim  277  k  1 1 
=  3047  ft  per  minute,  or  so'8  ft.  per  second.  The  height  from 
which  a  body  must  fall  by  gravity  to  acquire  this  velocity  is  jo 
feet,  and  15,015  foot-pounds  divided  by  40  gives  3754  lbs.  as  the 
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weight  which  the  rim  of  the  fly-wheel  will  require  to  have  in  this 
case  to  possess  an  energy  equal  to  six  half-strokes  of  the  piston. 

Q,  Can  you  give  a  practical  rule  for  determining  the  proper 
quantity  of  cast  iron  for  the  rim  of  a  fly-wheel  in  ordinary  land 
engines  ? 

A»  One  rule  frequently  adopted  is  as  follows  :  multiply  the 
mean  diameter  of  the  rim  by  the  number  of  its  revolutions  per 
minute,  and  square  the  product  for  a  divisor  ;  divide  the  number 
of  actual  horse-power  of  the  engine  by  the  number  of  strokes  the 
piston  makes  per  minute,  multiply  the  quotient  by  the  constant 
number  2,760,000,  and  divide  the  product  by  the  divisor  found  as 
above  ;  the  quotient  is  the  requisite  quantity  of  cast  iron  in  cubic 
feet  to  form  the  fly-wheel  rim. 

g.  What  is  Boulton  and  Watt's  rule  for  finding  the  dimensions 
of  the  fly-wheel  1 

A.  Boulton  and  Watt's  rule  for  finding  the  dimensions  of  the 
fly-wheel  is  as  follows  : — Multiply  44,000  times  the  length  of  the 
stroke  in  feet  by  the  square  of  the  diameter  of  the  cylinder  in 
inches,  and  divide  the  product  by  the  square  of  the  number  of 
revolutions  per  minute  multiplied  by  the  cube  of  the  diameter  of 
the  fly-wheel  in  feet  The  resulting  number  will  be  the  sectional 
area  of  the  rim  of  the  fly-wheel  in  square  inches. 

CENTRAL  FORCES. 

Q,  What  do  you  understand  by  centrifugal  and  centripetal 
forces? 

A.  By  centrifugal  force  I  understand  the  force  with  which  a 

revolving  body  tends  to  fly  from  the  centre  ;  and  by  centripetal 

force  I   understand  any  force  which  draws   it   to  the  centre,  or 

counteracts  the  centrifugal  tendency.     In  the  conical  pendulum,  or 

steam-engine  governor,  which  consists  of  two  metal  balls  suspended 

<Mi  rods  hung  from  the  end  of  a  vertical  revolving  shaft,  the  centri- 

fogal  force  is  manifested  by  the  divergence  of  the  balls  when  the 

shaft  is  put  into  revolution  ;  and  the  centripetal  force,  which  in 

this  instance  is  gravity,  predominates  so  soon  as  the  velocity  is 

arrested ;  for  the  arms  then  collapse  and  hang  by  the  side  of  the 

shaft 

Q,  What  measures  are  there  of  the  centrifugal  force  of  bodies 
revolving  in  a  circle  ? 

A.  The  centrifugal  force  of  bodies  revolving  in  a  circle  increases 
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as  the  diameter  nf  the  circle,  if  the  number  of  revolutions  remsiB 
the  same.  If  there  be  iwo  fly-wheels  of  the  same  weight,  and 
making  the  same  number  of  revolutions  per  minute,  but  the  dia- 
meter of  one  be  double  that  of  the  other,  the  larger  will  have 
double  the  amount  of  centrifugal  force.  The  centrifugal  force  of 
the  same  ■^•heel,  howei-er,  increases  as  the  square  of  the  x-elocity  ; 
so  that  if  the  velocity  of  a  fly-wheel  be  doubled,  it  will  have  ft 
times  the  amount  of  centrifugal  force, 

Q.  Can  you  give  a  rule  for  determining  the  centrifugal  force  ti 
a  body  of  a  given  weight  moving  with  a  given  velocity  ii 
of  a  given  diameter? 

A.  Yes.  If  the  velocity  in  feet  per  second  be  divided  by  40 
the  square  of  ihe  quotient  will  be  four  times  the  height  in  feet  from 
which  a  body  must  have  fallen  to  have  acquired  that  velocity. 
Divide  this  quadruple  height  by  the  diameter  of  the  circle,  and  the 
quotient  is  the  centrifugal  force  in  terms  of  the  weight  of  the  bocy, 
so  that,  multiplying  the  quotient  by  the  actual  weight  of  the  body, 
we  have  the  centrifugal  force  in  pounds  or  tons.  Another  rule  is 
to  multiply  the  square  of  the  number  of  revolutions  per  minute  by 
the  diameter  of  the  circle  in  feet,  and  to  divide  the  product  by 
5,87a  The  quotient  is  the  centrifugal  force  in  terms  of  the  weight 
of  the  body. 

Q.  How  do  you  find  the  velocity  of  the  body  when  its  centri- 
fugal force  and  the  diameter  of  the  circle  in  which  it  moves  are 
given  •> 

A.  Multiply  the  centrifugal  force  in  terms  of  the  weight  of  ihc 
body  by  the  diameter  of  the  circle  in  feet,  and  multiply  the  square 
root  of  the  product  by  401  ;  the  result  will  be  the  velocity  of  the 
body  in  feet  per  second. 

Q.  Will  you  illustrate  this  by  finding  the  velocity  at  which  Iwo 
cast-iron  bails  connected  by  a  cast-iron  bar,and  rotated  as  a  fiy-whcel 
10  feel  in  diameter,  would  burst  asunder  by  their  centrifugal  forci:  ? 

A.  If  we  take  the  tensile  strength  of  cast  iron  at  15,000  lbs.  per 
square  inch,  a  bar  of  two  square  inches  of  sectional  area  would 
sustain  30,000  lbs.  If  we  suppose  one  ball  and  half  of  the  bar  10 
be  so  fixed  to  the  shaft  as  to  be  incapable  of  detachment,  then  the 
centrifugal  force  of  the  otiter  ball  and  half  of  the  bar  at  Ihe  moment 
of  rupture  must  be  equal  to  30,000  lbs.  Now  30,000  lbs.  divided 
by  45'48  (the  weight  of  the  half  body)  is  equal  to  6063,  which  is 
Ihe  centrifugal  force  in  terms  of  the  weight.  Then,  by  the  ruJe 
given  in  the  last  answer,  6o6'3  1  10-6,063,  the  square  root  of  which  j 
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is  78  nearly,  and  78x4*01  =31278,  the  velocity  of  the  centre  of 
the  balls  in  feet  per  second  at  the  moment  of  rupture. 

Q.  What  is  the  greatest  velocity  at  which  it  is  safe  to  drive  a 
cast-iron  fly-wheel  ? 

A.  If  we  take  2,000  lbs.  as  the  utmost  strain  per  square  inch  to 
which  cast  iron  can  be  permanently  subjected  with  safety ;  then,  by 
a  similar  process  to  that  just  explained,  we  have  4,000  lbs -7-49*48 
=  8o*8,  which,  multiplied  by  10,  -  808,  the  square  root  of  which  is 
284,  and  28*4x4*01  *- 113*884,  the  velocity  of  the  rim  in  feet  per 
second.  But  as  the  bursting  force  acts  in  all  directions,  it  will  be 
less  in  any  one  direction  in  the  proportion  of  the  diameter  of  a 
circle  to  a  semicircle,  or  i  to  1*5708. 

g.  What  is  the  velocity  at  which  the  wheels  of  railway  trains 
may  run  if  we  take  4,000  lbs.  per  square  inch  as  the  greatest  strain 
to  which  malleable  iron  should  be  subjected  .^ 

A.  The  weight  of  a  malleable  iron  rim  of  one  square  inch 
sectional  area  and  7  feet  diameter  is  21*991  feet  x  3*4  lbs.  =  74*76, 
one  half  of  which  is  37*4  lbs.  Then,  by  the  same  process  as  before, 
8,000-7-37*4  «■  2 1 3*9,  the  centrifugal  force  in  terms  of  the  weight 
But  as  this  has  to  be  increased  in  the  ratio  of  the  length  of  a  semi- 
circle to  a  diameter,  or  about  1*5  times,  2139  x  1-5  x  7,  the  diameter 
of  the  wheel  -  2595*95,  the  square  root  of  which,  51  x  4*01  =  224  feet 
per  second,  the  highest  velocity  of  the  rims  of  railway  carriage 
wheels  that  is  consistent  with  safety.  224  feet  per  second  is  equiva- 
lent to  about  1 50  miles  an  hour.  As  4,000  lbs.  per  square  inch  of 
sectional  area  is  the  utmost  strain  to  which  iron  should  be  exposed 
in  machinery  subject  to  shocks,  railway  wheels,  if  made  of  iron, 
can  scarcely  be  considered  safe  at  a  speed  even  considerably  under 
150  miles  an  hour,  unless  effectually  tied  in  by  the  arms  or  made 
of  steeL  Hooped  wheels  are  very  unsafe,  unless  the  hoops  are,  by 
some  process  or  other,  firmly  attached  to  the  arms.  It  is  of  no 
use  to  increase  the  dimensions  of  the  rim  of  a  wheel  with  the  view 
of  giving  increased  strength  to  counteract  the  centrifugal  force,  as 
every  increase  in  the  weight  of  the  rim  will  increase  the  centrifugal 
force  in  the  same  proportion. 

CENTRES  OF  GRAVITY,  GYRATION,   AND  OSCILLATION. 

Q.  WTiat  do  you  understand  by  the  centre  of  gravity  of  a 
body? 

A.  That  point  within  it  in  which  the  whole  of  the  weight  may 
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be  supposed  to  be  oncenlrated,  and  which  continually  endea' 

to  gain  the  lowest  possible  position.     A  body  hung  in  the  centre  of 

gravity  will  remain  at  rest  in  any  position. 

Q.  What  is  meant  by  the  centre  of  gi'ration  ? 

A.  The  centre  of  gyration  is  that  point  in  a  revolving  Ixwly  in 
which  the  whole  moincntum  may  be  conceived  to  be  concentrated, 
or  in  which  ihc  whole  effect  of  the  momentum  resides.  If  the  ball 
of  a.  governor  were  to  be  moved  in  a  straight  line,  the  momentum 
might  be  said  to  be  concentrated  at  the  centre  of  gravity  of  ihe 
ball ;  but  inasmuch  as,  by  its  revolution  round  an  axis,  the  part  of 
the  ball  furthest  removed  from  the  axis  mo\'es  more  quickly  than 
the  part  nearest  to  it,  the  momentum  cannot  be  supposed  to  be 
concentrated  at  ihe  centre  of  gravitj',  but  at  a  point  further  removed 
from  the  central  shaft,  and  that  point  is  uhat  is  called  the  centre  of 
gyration.  The  centre  of  gyration  is  the  same  as  the  centre  of  per- 
cussion. 

Q.  And  what  is  the  centre  of  percussion? 

A.  If  a  hammer,  mov^d  in  an  arc  of  a  circle,  be  brought  down 
on  a  nail  at  the  pnint  of  (he  face  furthest  from  the  hand,  it  will  not 
strike  fair,  but  will  lend  to  bend  down  the  handle.  If  struck  by 
the  opposite  point  of  the  face,  the  tendency  will  be  to  bend  up 
the  handle.  There  is  an  intermediate  point  where  one  tendency 
balances  the  other,  and  that  point  is  called  the  centre  of  percussion. 

Q.  What  is  the  centre  of  oscillation? 

A.  The  centre  of  oscillation  is  a.  point  in  a  pendulum  or  any 
swinging  body,  such,  that  if  all  the  mailer  of  the  body  were  to  be 
collected  into  that  point  the  velocity  of  its  vibration  would  remain 
unaffected.  It  is,  in  fact,  the  mean  distance  from  the  centre  of 
suspension  of  every  atom,  in  a  ratio  which  happens  not  to  be  an 
arithmetical  one.  The  centre  of  oscillation  is  alwaj's  in  a  line 
passing  through  the  centre  of  suspension  and  the  centre  of  gravity. 


THE   PENDULUM  AND  Ctn-EBNOR, 


s  the  velocity  of  vibration  of  a 


rectly,  ' 


Q.  By  what 
dulous  body  determined 

A.  By  the  length  of  the  suspending  rod  only,  or,  more  < 
by  the  distance  between  the  centre  of  suspension  and  the 
oscillation.  The  length  of  the  arc  described  does  not  signify,  as 
the  times  of  vibration  will  be  the  same,  whether  the  arc  be  Ihe 
fourth  or  the  four  hundredth  of  a  circle,  or  at  least  they  will  be 
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nearly  so,  and  would  be  so  exactly  if  the  curve  described  were  a 
portion  of  a  cycloid.  In  the  pendulums  of  clocks,  therefore,  a  small 
arc  is  preferred,  as  there  is,  in  that  case,  no  sensible  deviation  from 
the  cycloidal  curve,  but  in  other  respects  the  size  of  the  arc  does 
not  signify. 

2-  If,  then,  the  length  of  a  pendulum  be  given,  can  the  number 
of  vibrations  in  a  given  time  be  determined  ? 

A.  Yes ;  the  time  of  vibration  bears  the  same  relation  to  the 
time  in  which  a  body  would  fall  through  a  space  equal  to  half  tht 
length  of  the  pendulum  that  the  circumference  of  a  circle  bears  to 
its  diameter.  The  number  of  Wbrations  made  in  a  given  time  by 
pendulums  of  different  lengths  is  inversely  as  the  square  roots  of 
their  lengths. 

g.  Then  when  the  length  of  the  seconds  pendulum  is  known, 
the  proper  length  of  a  pendulum  to  make  any  given  number  of 
vibrations  in  the  minute  can  readily  be  computed  ? 

A.  Yes  ;  the  length  of  the  seconds  pendulum  being  known,  the 
length  of  another  pendulum  required  to  perform  any  given  number 
of  vibrations  in  the  minute  may  be  obtained  by  the  following  rule : 
multiply  the  square  root  of  the  given  length  by  60,  and  divide  the 
product  by  the  given  number  of  vibrations  per  minute  ;  the  square 
of  the  quotient  is  the  length  of  pendulum  required.  Thus,  if  the 
length  c^  a  pendulum  were  required  that  would  make  70  vibrations 

per  minute  in  the  latitude  of  London,  then  v  39    393  ^ —  .  5*363"  - 

70 

2875  in.,  which  is  the  length  required. 

Q,  Can  you  explain  how  it  comes  that  the  length  of  a  p>endulum 
determines  the  number  of  vibrations  it  makes  in  a  given  time  ? 

A.  Because  the  length  of  the  pendulum  determines  the  steep- 
ness of  the  circle  in  which  the  body  moves,  and  it  is  obvious  that 
a  body  will  descend  more  rapidly  over  a  steep  inclined  plane,  or  a 
steep  arc  of  a  circle,  than  over  one  in  which  there  is  but  a  slight 
inclination.  The  impelling  force  is  gravity,  which  urges  the  body 
with  a  force  proportionate  to  the  distance  descended,  and  if  the 
velocity  due  to  the  descent  of  a  body  through  a  given  height  be 
spread  over  a  great  horizontal  distance,  the  speed  of  the  body  must 
be  slow  in  proportion  to  the  greatness  of  that  distance.  It  is  clear, 
therefore,  that  as  the  length  of  the  pendulum  determines  the  steep- 
ness of  the  arc,  it  must  also  determine  the  velocity  of  vibration. 

Q.  If  the  motions  of  a  pendulum  be  dependent  on  the  speed 
with  which  a  body  falls,  then  a  certain  ratio  must  subsist  between 
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a  second,  and  the  lengths 


tile  distance  through  «'liieh  a  body  falls  i 
of  the  seconds  pendulum  ? 

A.  And  so  there  is ;  the  length  of  the  seconds  pendulur 
level  of  tlie  sea  in  London  is  39'i393  inches,  and  it  is  from  the  length  ^ 
of  the  seconds  pendulum  thai  the  space  through  which  a  body  falls 
in  a  second  has  been  determined.  As  the  lime  in  which  a.  pendulum 
vibrates  is  to  ilie  time  in  which  a  heavy  body  falls  through  half  the 
length  of  the  pendulum,  as  tl>e  circumference  of  a  circle  is  to  its 
diameter,  and  as  the  height  through  which  a  body  falls  is  as  the 
square  of  the  time  of  falling,  it  is  clear  that  the  height  through 
which  a  body  will  fall,  during  the  vibration  of  a  pendulum,  is  to 
half  the  length  of  the  pendulum  as  the  square  of  the  circiunference 
of  a  circle  is  to  the  square  of  its  diameter,  namely,  as  9-8696  is  to 
1  ;  or  it  is  to  the  whole  length  of  the  pendulum  as  the  half  of  this, 
namely,  4-9348  is  to  I  ;  and  4-9348  times  39-I393  inches  is  16  and 
I-I3  feet  very  nearly,  which  is  the  space  through  which  a  body  fallaj 
by  gravity  in  a  second.  fl 

g.  Are  the  motions  of  the  conical  pendiJum  or  governor  r»fl 
ducible  to  tlie  same  laws  which  apply  to  the  common  pendulum  ? 

A.  Yes ;  the  motion  of  the  conical  pendulum  may  be  supposed 
lo  be  compounded  of  the  motions  of  two  common  pendulums  \\- 
brating  at  right  angles  to  one  another,  and  one  revolution  of  a 
conical  pendulum  will  be  performed  in  the  same  time  as  two  vibr^J 
tions  of  a  common  pendulum,  of  which  the  length  is  equal  to  thfl 
vertical  height  of  the  point  of  suspension  above  the  plan 
tion  of  the  balls. 

Q.  Is  not  the  conical  penduli 
driven  by  the  engine  ? 


5  any  other  mechanism 
0  that  of  the  engine .' 


>  afTect  the  time  of 


A.  Yes. 

Q.  Then  will  it  not  be  drivei 
would  be  at  a  speed  proportional  ti 

A.  It  «iii. 

Q.  Then  how  can  the  length  of  the  -i 
revolution  ? 

A.  By  flying  out  until  they  assume  a  vertical  height  answering 
to  the  velocity  with  which  they  rotate  round  the  central  a:iis.  As 
the  speed  is  increased  the  balls  expand,  and  the  height  of  the  cone 
desi.Tibed  by  the  arms  is  diminished,  until  its  vertical  height  is 
such  that  a  pendulum  of  that  length  would  perform  tu'o  vibrations 
for  every  re\olution  of  the  governor.  By  the  outward  mulion  of 
the  arms,  [hey  paitialty  shut  off  the  sieam  from  the  engine.     1^ 
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therefore,  a  certain  expansion  of  the  balls  be  desired,  and  a  certain 
length  be  fixed  upon  for  the  arms,  so  that  the  vertical  height  of  the 
cone  is  fixed,  then  the  speed  of  the  governor  must  be  such  that  it 
will  make  half  the  number  of  revolutions  in  a  given  time  that  a 
pendulum  equal  in  length  to  the  height  of  the  cone  would  make 
of  vibrations.  The  rule  is,  multiply  the  square  root  of  the  height 
of  the  cone  in  inches  by  6-31986,  and  the  product  will  be  the  right 
time  of  revolution  in  seconds.  If  the  number  of  revolutions  and 
the  length  of  the  arms  be  fixed,  and  it  is  wanted  to  know  what  is 
the  diameter  of  the  circle  described  by  the  balls,  you  must  divide 
the  constant  number  187*58  by  the  number  of  revolutions  per 
minute,  and  the  square  of  the  quotient  will  be  the  vertical  height 
in  inches  of  the  centre  of  suspension  above  the  plane  of  the  balls' 
revolution.  Deduct  the  square  of  the  vertical  height  in  inches 
from  the  square  of  the  length  of  the  arm  in  inches,  and  twice  the 
square  root  of  the  remainder  is  the  diameter  of  the  circle  in  which 
the  centres  of  the  balls  revolve. 

0.  Cannot  the  operation  of  a  governor  be  deduced  merely  from 
the  consideration  of  centrifugal  and  centripetal  forces  } 

A.  \X  can,  and  by  a  very  simple  process.  The  horizontal  dis- 
tance of  the  arm  from  the  spindle  divided  by  the  vertical  height 
will  give  the  centripetal  force,  and  the  velocity  of  revolution  requi- 
site to  produce  an  equivalent  centrifugal  force  may  be  found  by 
multiplying  the  centripetal  force  of  the  ball  in  terms  of  its  own 
weight  by  70,440,  and  dividing  the  product  by  the  diameter  of  the 
circle  made  by  the  centre  of  the  ball  in  inches  ;  the  square  root  of 
the  quotient  is  the  number  of  revolutions  per  minute.  By  this  rule 
you  ^  the  length  of  the  arms,  and  the  diameter  of  the  base  of  the 
cone,  or,  what  is  the  same  thing,  the  angle  at  which  it  is  desired 
the  arms  shall  revolve,  and  you  then  make  the  speed  or  number  of 
revolutions  such  that  the  centrifugal  force  will  keep  the  balls  in  the 
desired  position. 

Q.  Does  not  the  weight  of  the  balls  affect  the  question  } 

A,  Not  in  the  least ;  each  ball  may  be  supposed  to  be  made  up 
of  a  number  of  small  balls  or  particles,  and  each  particle  of  matter 
will  act  for  itself  Heavy  balls  attached  to  a  governor  are  only 
requisite  to  overcome  the  friction  of  the  throttle  valve  which  shuts 
off  the  steam,  and  of  the  connections  leading  thereto.  Though  the 
weight  of  a  ball  increases  its  centripetal  force,  it  increases  its 
centrifugal  force  in  the  same  proportion. 
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FRICTION, 

Q.  Whal  is  friction? 

A.  Friction  is  the  resistance  experienced  when  one  body  is 
rubbed  upon  another  body,  and  is  supposed  to  be  the  result  of  the 
natural  attraction  which  bodies  have  for  one  another,  and  of  the 
interlocking  of  the  impalpable  asperities  upon  the  surfaces  of  all 
bodies,  and  these  combined  agencies  produce  such  internal  motions 
among  the  particles  ofa  rubbing  surface  as  to  generate  heat,  which 
heat  will  always  be  of  equivalent  value  to  the  power  expended  in 
overcoming  the  friction.  It  is  found  that  as  much  power  is  ex- 
pended in  heating  a  pound  of  water  one  degree  by  friction  as  would 
raise  a  pound  weight  77a  feet  high  ;  and  this  measure  of  power  is 
consequently  termed  the  mechanical  iquivaUnt  ai  \ii^  heat.  The 
friction  of  the  smooth  rubbing  substances  is  less  when  tlie  com- 
position of  those  substances  is  diflerent  than  when  it  is  the  same, 
the  particles  being  supposed  to  interlock  less  when  the  opposite 
prominences  or  asperities  are  not  coincident, 

Q.   Does  friction  increase  with  the  extent  of  rubbing  surface  ? 

A.  No  ;  the  friction,  so  long  as  there  is  no  violent  heating  or 
abrasion,  is  simply  in  the  proportion  of  the  pressure  keeping  the 
surfaces  together,  or  nearly  so.  It  is,  therefore,  an  obvious  advan- 
tage to  have  the  bearing  surfaces  of  steam  engines  as  targe  as 
possible,  as  there  is  no  increase  of  friction  by  extending  the  sur- 
face, while  there  is  a  great  increase  in  the  durability.  When  the 
bearings  of  an  engine  are  made  too  small,  they  very  soon 


Q.  Does  friction  increase  in  the  same  ratio  as  velocity? 

A.  No  ;  firiction  does  not  increase  with  the  velocity  at  all,  if  the 
friction  over  a  given  amount  of  surface  be  considered ;  *  but  it  in- 
creases as  the  velocity,  if  the  comparison  be  made  with  the  tiine 
during  which  the  friction  acts.  Thus  the  fnclion  of  each  stroke  of 
a  piston  is  the  same  whether  it  makes  twenty  strokes  in  the  minute 
or  forty  :  in  the  latter  case,  however,  there  are  twice  the  number  of 
strokes  made,  so  that,  though  the  friction  per  stroke  is  the  sam^ 
the  friction  per  minute  is  doubled.  The  friction,  therefore,  of  any 
machine  per  hour  varies  as  the  velocity,  though  the  friction  pet 
revolution  remains,  at  all  ordinary  velocities,  the  same.    Of  execs- 


\ 
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sive  velocities  we  have  not  sufficient  experience  to  enable  us  to 
sute  with  confidence  whether  the  same  law  continues  to  operate 
among  them. 

Q.  Can  you  give  any  approximate  statement  of  the  force  ex- 
pended in  overcoming  friction  ? 

A.  \X,  varies  with  the  nature  of  the  rubbing  bodies.  The  friction 
of  iron  sliding  upon  iron  has  generally  been  taken  at  about  one- 
tenth  of  the  pressure,  when  the  surfaces  are  oiled  and  then  wiped 
again,  so  that  no  film  of  oil  is  interposed.  The  friction  of  iron 
nibbing  upon  brass  has  generally  been  taken  at  about  one-eleventh 
of  the  pressure  under  the  same  circumstances  ;  but  in  machines  in 
actual  operation,  where  a  film  of  some  lubricating  material  is  inter- 
posed between  the  rubbing  surfaces,  it  is  not  more  than  one-third 
of  this  amount,  or  j\rd  of  the  weight  WTiile  this,  however,  is  the 
average  result,  the  friction  is  a  good  deal  less  in  some  cases.  Mr. 
Southern,  in  some  experiments  upon  the  friction  of  the  axle  of  a 
grindstone—  an  account  of  which  may  be  found  in  the  65th  volume 
of  the  *  Philosophical  Transactions  * — found  the  friction  to  amount 
to  less  than  ^^th  of  the  weight ;  and  Mr.  Wood,  in  some  experiments 
upon  the  friction  of  locomotive  axles,  found  that  by  ample  lubrica- 
tion the  finction  might  be  made  as  little  as  ji\,th  of  the  weight  In 
some  experiments  upon  the  friction  of  shafts  by  Mr.  G.  Rennie, 
he  found  that  with  a  pressure  of  from  i  to  5  cwt  the  friction  did 
not  exceed  j^^th  of  the  pressure  when  tallow  was  the  unguent  em- 
ployed ;  with  soft  soap  it  became  j^th.  The  fact  appears  to  be 
that  the  amount  of  the  resistance  denominated  friction  depends,  in 
a  great  measure,  uj)on  the  nature  of  the  unguent  employed,  and  in 
certain  cases  the  viscidity  of  the  unguent  may  occasion  a  greater 
retardation  than  the  resistance  caused  by  the  attrition.  In  watch- 
work,  therefore,  and  other  fine  mechanism,  it  is  necessary  both  to 
keep  the  bearing  surfaces  small,  and  to  employ  a  thin  and  limpid 
oil  for  the  purpose  of  lubrication,  for  the  resistance  caused  by  the 
viscidity  of  the  unguent  increases  with  the  amount  of  surface,  and 
the  amount  of  surface  is  relatively  greater  in  the  smaller  class  of 
works. 

(^  Is  a  very  thin  unguent  preferable  also  for  the  larger  class  of 
bearings? 

A,  The  nature  of  the  unguent  proper  for  different  bearings 
appears  to  depend  in  a  great  measure  upon  the  amount  of  the  pres- 
sure to  which  the  bearings  are  subjected, — the  hardest  unguents 
being  best  where  the  pressure  is  greatest    The  function  of  lubri- 
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eating  substances  is  to  prevent  the  rubbing  surfaces  from  coming- 
into  contact,  whereby  abrasion  would  be  produced,  and  unguents 
are  effeciual  in  this  respect  in  the  proportion  of  their  viscidity  ;  but 
if  the  viscidity  of  the  unguent  be  greater  than  what  suffices  to  keep 
the  surfaces  asunder,  an  addilinna!  resistance  will  be  occasioned  ; 
and  the  nature  of  the  unguent  selected  should  always  have  refer- 
ence, therefore,  to  the  sire  of  the  rubbing  surfaces,  or  lo  the  pres- 
sure per  square  inch  upon  them.  With  oil,  the  friction  appears  lo 
be  a  minimum  when  the  pressure  on  the  surface  of  a  bearing  is 
about  90  lbs.  per  square  inch.  The  friction  from  too  small  a  surface 
increases  twice  as  rapidly  as  the  friction  from  coo  large  a  surface, 
added  to  which,  the  bearing,  when  the  surface  is  too  small,  wears 
rapidly  away, 

Q.  Has  not  General  Morin,  in  France,  made  some  very  com- 
plete experiments  to  determine  the  friction  of  surfaces  of  different 
kinds  sliding  upon  one  another  ? 

A.  He  has  ;  but  the  result  does  not  differ  materially  from  what 
is  stated  above,  though,  upon  the  whole,  General  Morin  found  the 
resistance  due  to  friction  to  he  somewhat  greater  than  it  has  been 
found  to  be  by  various  other  engineers.  When  the  surfaces  were 
merely  wiped  with  a  greasy  cloth,  but  had  no  film  of  lubri- 
cating material  interposed,  the  friction  of  brass  upon  cast  iron  he 
found  to  be  '107,  or  about  j'jth  of  the  load,  which  was  also  the  fric- 
tion of  cast  iron  upon  oak.  But  when  a  film  of  lubricating  material 
was  interposed,  he  found  that  the  friction  was  the  same  w  hcther  the 
surfaces  were  wood  on  metal,  wood  on  wood,  metal  on  wood,  or 
metal  on  metal  ;  and  the  amount  of  the  friction  in  such  case  de- 
pended chiefly  on  the  nature  of  the  unguent.  With  a  mixture  of 
bog's  lard  and. olive  oil  interposed  between  the  surfaces,  the  friction 
was  usually  from  Jjih  to  ^'^th  of  the  load,  but  in  some  cases  it  was 
only  ^th  of  the  load. 

"    " '  ser\*e  for  purposes  of  lubrication  ? 

very  well  if  the  surface  be  very  large 
nd  in  screw  vessels,  where  the  pro- 
peller shaft  passes  through  a  long  pipe  at  the  stem,  the  stuffing  box 
is  purposely  made  a  little  leaky.  The  small  leakage  of  water  into 
the  vessel  which  is  thus  occasioned  keeps  the  screw  shaft  in  this 
situation  always  wet,  and  this  is  all  the  lubrication  which  this  bear- 
ing requires  or  obtains. 

Q,  What  is  the  utmost  pressure  which  may  be  employed,  with- 
out heating,  when  oil  is  the  lubricating  material ' 


1 


Q.  May  water  be  made  t( 
A.  Yes,  water  will  answe 
relatively  to  the  pressure ; 
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A.  That  will  depend  upon  the  velocity.  When  the  pressure 
exceeds  800  lbs.  per  square  inch,  however,  upon  the  section  of  the 
bearing  in  a  direction  parallel  with  the  axis,  then  the  oil  will  be 
forced  out,  and  the  bearing  will  necessarily  heat 

Q.  But,  with  a  given  velocity,  can  you  tell  the  limit  of  pressure 
which  will  be  safe  in  practice,  or  with  a  given  pressure,  can  you  tcU 
the  limit  of  velocity  ? 

A.  Yes;  that  may  be  done  by  the  following  empirical  rule, 
which  has  been  derived  from  obser\'ations  made  upon  bearings  of 
difierent  sizes  and  moving  with  different  velocities.  Divide  the 
number  70,000  by  the  velocity  of  the  surface  of  the  bearing  in  feet 
per  minute.  The  quotient  will  be  the  number  of  pounds  per 
square  inch  of  section  in  the  line  of  the  axis  that  may  be  put  upon 
the  bearing.  Or,  if  we  divide  70,000  by  the  number  of  pounds  per 
square  inch  of  section,  then  the  quotient  will  be  the  velocity  in 
feet  per  minute  at  which  the  circumference  of  the  bearing  may 
work. 

Q.  The  number  of  square  inches  upon  which  the  pressure  is 
reckoned  is  not  the  circumference  of  the  bearing  multiplied  by  its 
length,  but  the  diameter  of  the  bearing  multiplied  by  its  length  } 

A.  Precisely  so  \  it  will  be  the  diameter  multiplied  by  the  length 
of  the  bearing. 

Q.  What  is  the  amount  of  friction  in  the  case  of  surfaces  sliding 
upon  one  another  in  sandy  or  muddy  water- -such  surfaces,  for 
example,  as  are  to  be  found  in  the  sluices  of  valves  for  water  ? 

A.  Various  experiments  have  been  made  by  Mr.  Summers,  of 
Southampton,  to  ascertain  the  friction  of  brass  surfaces  sliding  upon 
each  other  in  salt  water,  with  the  view  of  finding  the  power 
required  for  moving  sluice  doors,  for  lock-gates,  and  for  other 
similar  purposes.  The  surfaces  were  planed  as  true  and  smooth 
as  the  planing  nuichine  would  make  them,  but  were  not  filed  or 
scraped,  and  the  result  was  as  follows  : — 


Az«a  of  rubbing  Sarface 
ofSlicfe 

Weight  or  pre^ure  on 
rubbing  Surface 

Power  required  to  move  the 

Slide  slowly  in  muddy  Salt 

Water,  kept  htirred  up 

Sq.  in. 
8 
8 
8 
8 
8 
8 

lbs 

56 
112 
168 
224 

448 

Ib^ 
215 

44* 

65s 
88*5 

J40S 
1707s 
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These  results  were  the  average  of  eight  fair  trials  :  in  each  case 
the  sliding  surfaces  were  totally  immersed  in  muddy  salt-water^ 
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Fig.  29.— Sketch  of  Slide.  Fig.  30. 

The  facing  on  which  the  slide  moved  was  similar,  bat  three  or  four  times  as  long. 

and  although  the  apparatus  used  for  drawing  the  slide  along  was 
not  very  delicately  fitted  up,  the  power  required  may  be  considered 
as  a  sufficient  approximation  for  practical  purposes. 

It  appears  from  these  experiments,  that  rough  surfaces  follow 
the  same  law  as  regards  friction  that  is  followed  by  smooth,  for  in 
each  case  the  friction  increases  directly  as  the  pressure. 


•  STRENGTH  OF  MATERIALS  AND  OF  MACHINES. 

Q.  In  what  way  are  the  strengths  of  the  different  parts  of  a 
steam  engine  determined  ? 

A,  By  reference  to  the  amount  of  the  strain  or  pressure  to  which 
they  are  subjected,  and  to  the  cohesive  strength  of  the  iron  or  other 
material  of  which  they  are  composed.  The  strains  subsisting  in 
engines  are  usually  characterised  as  tensile,  crushing,  twisting, 
breaking,  and  shearing  strains.  But  they  may  be  all  resolved  into 
strains  of  extension  and  strains  of  compression  ;  and  by  the  power 
of  the  materials  to  resist  these  two  strains  will  their  practical 
strength  be  measurable. 

Q.  What  are  the  ultimate  strengths  of  the  malleable  and  cast 
iron,  brass,  and  other  materials  employed  in  the  construction  of 
engines  ? 

A.  The  tensile  and  crushing  strengths  of  any  given  material  are 
by  no  means  the  same.  The  tensile  strength,  or  strength  when  ex- 
tended, of  good  bar  iron  is  about  60,000  lbs.,  or  nearly  27  tons  per 
square  inch  of  section  ;  and  the  tensile  strength  of  cast  iron  is  about 
15,000  lbs.,  or  say  6 J  to  7  tons  per  square  inch  of  section.  These 
are  the  weights  which  are  required  to  break  them.  The  crushing 
strength  of  cast  iron,  however,  is  about  100,000  lbs.,  or  44^  tons ; 
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idiereas  the  crushing  strength  of  malleable  iron  is  not  more  than 
27,000  lbs.,  or  12  tons,  per  square  inch  of  section  ;  and,  indeed,  it 
is  generally  less  than  this.  The  ultimate  tensile  strength,  therefore, 
of  malleable  iron  is  four  times  greater  than  that  of  cast  iron,  but 
the  crushing  strength  of  cast  iron  is  between  three  and  four  times 
greater  than  that  of  wrought  iron.  It  may  be  stated,  in  round 
numbers,  that  the  tensile  strength  of  malleable  iron  is  twice  greater 
than  its  crushing  strength  ;  or,  in  other  words,  that  it  will  take  twice 
the  strain  to  break  a  bar  of  malleable  iron  by  drawing  it  asunder 
endways,  than  will  cripple  it  by  forcing  it  together  endways  like  a 
pillar ;  whereas  a  bar  of  cast  iron  will  be  dra^^-n  asunder  with  one- 
sixth  of  the  force  that  will  be  required  to  break  or  cripple  it  when 
forced  together  endways  like  a  pillar. 

(2-  What  b  the  cohesive  strength  of  steel  ? 
A.  The  ultimate  tensile  strength  of  good  cast  or  blistered  steel 
is  about  twice  as  great  as  that  of  wrought  iron,  being  about 
130,000  lbs.  per  square  inch  of  section.  The  tensile  strength  of 
gun-metal,  such  as  is  used  in  engines,  is  about  36,000  lbs.  per  square 
inch  of  section  ;  of  wrought  copper  about  33,000  lbs. ;  and  of  cast 
copper  about  19,000  lbs.  per  square  inch  of  section.  In  extension, 
homogeneous  metal  is  about  as  strong  as  steel. 

2.  Is  the  crushing  strength  of  steel  greater  or  less  than  its  ten- 
sile strength  ? 

A.  It  is  about  twice  greater.  A  good  steel  punch  will  punch 
through  a  plate  of  wTOught  iron  of  a  thickness  equal  to  the  diameter 
of  the  punch.  Now  it  is  well  known  that  the  strain  required  to 
punch  a  piece  of  metal  out  of  a  plate  is  just  the  same  as  that  re- 
quired to  tear  asunder  a  bar  of  iron  of  the  same  area  of  cross  sec- 
tion as  the  area  of  the  surface  cut.  The  area  of  the  surface  cut  in 
punching  an  inch  plate  will  be  the  circumference  of  the  punch, 
3*1416  inches,  multiplied  by  the  thickness  of  the  plate,  i  inch,  which 
makes  the  area  of  the  cut  surface  3*1416  square  inches.  In  other 
words,  it  will  require  four  times  the  strain  to  crush  steel  that  is  re- 
quired to  tear  asunder  malleable  iron,  or  it  will  take  about  twice  the 
strain  to  crush  steel  that  it  will  require  to  break  it  by  extension. 
These  conclusions  are  supported  by  the  results  of  extensive  experi- 
n^nts  on  the  strength  of  steel,  of  which  an  account  was  presented 
to  the  British  Association  in  1867. 

Q.  What  strain  may  be  applied  to  malleable  iron  in  practice  ? 
A.  A  bar  of  wrought  iron  to  which  a  tensile  or  compressing 
strain  is  applied  is  elongated  or  contracted  like  a  very  stiff  spiral 
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spring,  nearly  in  the  proponion  of  ihe  amount  of  strain  applied  up 
to  the  limit  at  which  the  strength  begins  to  give  way,  and  within 
this  limit  it  will  recover  its  original  dimensions  when  the  strain  is 
removed.  If,  however,  the  strain  be  carried  beyond  this  limit,  the 
bar  will  not  recover  its  original  dimensions,  but  will  be  permanently 
pulled  out  or  pushed  in,  just  as  would  happen  to  a  spring  to  which 
an  undue  strain  had  been  applied.  I'his  limit  is  what  is  called  the 
limit  of  elasticity  ;  and  whenever  it  is  e^ceeded,  the  bar,  though  it 
may  not  break  immediately,  will  undergo  a  progressii'e  deteriora- 
tion, and  will  break  in  the  course  of  time.  The  limit  of  elasticity 
of  malleable  iron,  when  extended— or,  in  other  words,  the  tensile 
strain  to  which  a  bar  of  malleable  iron  an  inch  square  may  be  sub- 
jected without  permanently  deranging  its  structure — is  usually  taken 
at  17,800  lbs.,  or  from  that  to  10  tons,  depending  on  the  quality  of 
the  iron.  It  has  also  been  found  ihat  malleable  iron  is  extendedt,< 
about  one  ten  thousandth  part  of  its  length  for  every  ton  of  dii 
strain  applied  to  it. 

Q.  What  is  the  limit  of  elasticity  of  cast  ii 

A.  It  is  commonly  taken  at  15,300  lbs.  per  square  inch  of  sec-' 
tion  ;  but  this  is  certainly  much  100  high,  as  it  exceeds  the  tensile 
strength  of  irons  of  medium  quality.  A  bar  of  cast  iron,  if  com- 
pressed by  weights,  will  be  contracted  in  length  twice  as  much  as 
a  bar  of  malleable  iron  under  similar  circumstances  ;  but  malleable 
iron,  when  subjected  to  a  greater  strain  than  iweh'e 
inch  of  section,  gradually  crumples  up  by  the  mere 
the  weight.  A  cast  iron  bar  one  inch  square  and  ten  feet  long  is 
shortened  alwut  one  tenth  of  an  inch  by  a  compressing  force  of 
10,000  lbs.,  whereas  a  malleable  iron  bar  of  the  same  dimensions 
would  require  to  shorten  il  equally  a  compressing  forccof  20,000  lbs. 
As  the  load,  however,  approaches  twelve  tons,  the  compressions 
become  nearly  equal,  and  above  that  point  the  rale  of  the  com- 
pression of  the  malleable  iron  rapidly  increases.  A  bar  of  cast 
iron,  when  at  its  breaking  point  by  the  application  of  a  tensile 
strain,  is  stretched  about  one  six  hundredth  pan  of  its  length  ;  and 
an  equal  strain  employed  to  compress  it  would  shorten  it  about 
one  eight  hundredth  port  of  its  length. 

Q.  But  to  what  strain  may  the  iron  used  in  the  construction  of 
engines  be  safely  subjected  t 

A.  The  most  of  the  working  parts  of  modern  engines  are  made 
of  uiought  iron  or  steel,  and  the  utmost  strain  to  which  UTougl 
iron  should  be  subjected  in  machinery  is  4,000  lbs.  per  square  inch 
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section.  Cast  iron  should  not  be  subjected  to  more  than  half  of 
this.  In  locomotive  boilers  the  strain  of  4,000  lbs.  per  square  inch 
of  section  is  sometimes  exceeded  by  one  half  or  more  ;  but  such  an 
excess  of  strain  approaches  the  limits  of  danger. 

(2-  Will  you  explain  in  what  way  the  various  strains  subsisting 
in  a  steam  engine  may  be  resolved  into  tensile  and  crushing  strains  ; 
also  in  what  way  the  magnitude  of  those  strains  may  be  deter- 
mined .^ 

A,  To  take  the  case  of  a  beam  subjected  to  a  transverse  strain, 
such  as  the  great  beam  of  an  engine,  it  is  clear,  if  we  suppose  the 
beam  broken  through  the  middle,  that  the  amount  of  strain  at  the 
upper  and  lower  edges  of  the  beam,  where  the  whole  strain  may  be 
supposed  to  be  collected,  will,  with  any  given  pressure  on  the  piston, 
depend  upon  the  proportion  of  the  length  to  the  depth  of  the  beam. 
One  edge  of  the  beam  breaks  by  extension,  and  the  other  edge  by 
compression  ;  and  the  upjjer  and  lower  edges  may  be  regarded  as 
pillars,  one  of  which  is  extended  by  the  strain,  and  the  other  is 
compressed.  If,  to  make  an  extreme  supposition,  the  depth  of  the 
beam  is  taken  as  equal  to  its  length,  then  the  pillars  answering  to 
the  edges  of  the  beam  will  be  compressed,  and  extended  by  what 
is  \-irtuaJly  a  bell-crank  lever  with  equal  arms,  the  horizontal  dis- 
tance from  the  main  centre  to  the  end  of  the  beam  being  one  of 
the  arms,  and  the  vertical  height  from  the  main  centre  to  the  top 
edge  of  the  beam  being  the  other  arm.  The  distance,  therefore, 
passed  through  by  the  fractured  edge  of  the  beam  during  a  stroke 
of  the  engine  will  be  equal  to  the  length  of  the  stroke,  and  the  strain 
it  will  have  to  sustain  will  consequently  be  equal  to  the  pressure  on 
the  piston.  If  its  motion  were  only  half  that  of  the  piston,  as  would 
be  the  case  if  its  depth  were  made  one-half  less,  the  strain  the  beam 
would  have  to  bear  would  be  twice  as  great ;  and  it  may  be  set 
down  as  an  axiom  that  the  strain  upon  any  part  of  a  steam  engine 
or  other  machine  is  inversely  equal  to  the  strain  produced  by  the 
prime  mover  multiplied  by  the  comparative  velocity  with  which 
the  part  in  question  moves.  If  any  part  of  an  engine  moves  with 
less  velocity  than  the  piston,  it  will  have  a  greater  strain  on  it,  if 
resisted,  than  is  thrown  upon  the  piston.  If  it  moves  with  greater 
velocity  than  the  piston,  it  will  have  a  less  strain  upon  it,  and  the 
difference  of  strain  will  in  every  case  be  in  the  inverse  proportion 
♦if  the  difference  of  the  velocity. 

Q.  Then  in  computing  the  amount  of  metal  necessary  to  give 
doe  strength  to  a  beam,  the  first  point  is  to  determine  the  velocity 
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ivit!)  which  the  edge  of  ihe  beam  moves  at  that  point  where 

A.  The  web  of  a  cast-iron  beam  or  girder  serv'es  merely 
nect  the  upper  and  lower  edges  or  flanges  rigidly  together,  s 
enable  the  extending  and  compressing  strains  to  be  counteracted 
.in  effectual  manncrby  the  metal  of  those  flanges.  It  is  onlyneces- 
sary,  therefore,  to  make  the  flanges  of  suflieieni  strength  to  resist 
effectually  Ihe  crushing  and  tensile  strains  to  which  they  are  ex- 
posed, and  to  make  the  web  of  the  beam  of  suflicient  strength  to 
prevent  a  distortion  of  its  shape  from  taking  place. 

Q.  Is  the  strain  greater  from  being  movable  or  intermittent 
than  if  it  was  stationary  ? 

A.  Yes  ;  it  is  nearly  twice  as  great  from  being  movable.  En- 
gineers are  in  the  habit  of  making  girdirs  intended  to  sustain  a 
stationary  load  about  three  times  stronger  than  the  breaking  weight ; 
but  if  Ihe  load  be  a  movable  one,  as  is  the  case  in  the  girders  of 
railway  bridges,  they  make  the  strength  equal  to  six  times  the 
breaking  weight. 

Q,  Then  the  strain  is  increased  by  the  suddenness  with  which 
it  is  applied .' 

A.  If  a  weight  be  placed  on  a  long  and  slender  beam  propped 
up  in  the  middle,  and  the  prop  be  suddenly  withdrawn,  so  as  to 
allow  deflection  to  take  place,  it  is  clear  that  the  deflection  must 
be  greater  than  if  the  load  had  been  gradually  applied.  The  mo- 
mentum of  the  weight,  and  also  of  Ihe  beam  itself,  falling  tlirough 
the  space  through  which  it  has  been  deflected  has  necessarily  to  be 
coonteracted  by  the  elasticity  of  Ihe  beam,  and  the  beam  will  there- 
fore be  momentarily  bent  to  a  greater  extent  than  what  is  due  to 
the  load,  and  after  a  few  vibrations  up  and  down  it  nill  Anally  settle 
al  that  point  of  deflection  which  the  load  properly  occasions.  It  is 
obvious  that  such  a  beam  must  be  strong  enough,  not  merely  to 
sustain  the  pressure  due  to  the  load,  but  also  that  accession  of 
pressure  due  to  the  counteracted  momentum  of  the  weight  and  of 
the  beam  itself-  Although  in  steam  engines  the  beam  is  not  loaded 
by  a  weight,  but  by  the  pressure  of  the  steam,  yet  the  momentum 
of  the  beam  ilself  must  in  everj-  case  be  coonteracted,  and  the 
momentum  will  be  considerable  in  every  case  in  which  a  large 
and  rapid  deflection  takes  place.  A  rapid  deflection  increases  the 
amount  of  the  deflection  as  well  as  the  amount  of  the  strain,  as  is 
seen  in  the  cylinder  cover  of  a  Cornish  pum ping-engine,  into  which 
tlic  .steam  is  suddenly  admitted,  and  in  «  hich  the  momentum  of  the- 


Influence  of  Inertia  in  Modifying  Strain.  51 

particles  of  the  metal  put  into  motion  increases  the  deflection  to  an 
extent  such  as  the  mere  pressure  of  the  steam  could  not  produce. 

Q,  What  will  be  the  amount  of  increased  strain  consequent  upon 
deflection  ? 

A.  The  momentimi  of  any  moving  body  being  proportional  to 
the  square  of  its  velocity,  it  follows  that  the  strain  will  be  propor- 
tional to  the  square  of  the  amount  of  deflection  produced  in  a 
specified  time. 

Q,  But  will  not  the  inertia  of  a  beam  resist  deflection,  as  well 
as  the  momentum  increase  deflection  ? 

^.  No  doubt  that  will  be  so ;  but  whether  in  practical  cases 
increase  of  mass  without  reference  to  strength  or  load  will,  upon 
the  whole,  increase  or  diminish  deflection  will  depend  very  much 
upon  the  magnitude  of  the  mass  relatively  with  the  magnitude  of 
the  deflecting  pressure,  and  the  rapidity  with  which  that  pressure  is 
applied  and  removed.  Thus,  if  a  force  or  weight  be  very  suddenly 
applied  to  the  middle  of  a  ponderous  beam,  and  be  as  suddenly 
withdrawn,  the  inertia  of  the  beam  will,  as  in  the  case  of  the  col- 
lision of  bodies,  tend  to  resist  the  force,  and  thus  obviate  deflection 
to  a  considerable  extent ;  but  if  the  pressure  be  so  long  continued 
as  to  produce  the  amount  of  deflection  due  to  the  pressure,  the 
effect  of  the  inertia  in  that  case  will  be  to  increase  the  deflection. 

Q.  Will  the  pressure  given  to  the  beam  of  an  engine  alternately 
in  opposite  directions  facilitate  its  fracture  1 

A.  Iron  beams,  bent  alternately  in  opposite  directions,  or  alter- 
nately deflected  and  released,  will  be  broken  in  the  course  of  time 
with  a  much  less  strain  than  is  necessary  to  produce  immediate 
fracture.  It  has  been  found,  experimentally,  that  a  cast-iron  bar 
deflected  by  a  revolving  cam  to  only  half  the  extent  due  to  its 
breaking  weight  will  in  no  case  withstand  900  successive  deflec- 
tions ;  but,  if  bent  by  the  cam  to  only  one-third  of  its  ultimate  de- 
flection, it  will  withstand  100,000  deflections  without  visible  injury. 
Looking,  however,  to  the  jolts  and  vibrations  to  which  engines  are 
subject,  and  the  sudden  strains  sometimes  thrown  upon  them,  either 
from  water  getting  into  the  cylinder  or  otherwise,  it  does  not  appear 
that  a  strength  answering  to  six  times  the  breaking  weight  will 
give  suflScient  margin  for  safety  in  the  case  of  cast-iron  engine 
beams. 

(2-  Does  the  same  law  hold  in  the  case  of  the  deflection  of 
malleable  iron  bars  ? 

A*  In  the  case  of  malleable  iron  bars  it  has  been  found  that  no 
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very  perceptible  damage  was  caused  by  10,000  deflections,  each 
deflection  being  such  as  was  due  to  half  the  load  that  produced  a 
large  permanent  deflection. 

Q.  The  power  of  a  rod  or  pillar  to  resist  compression  becomes 
ver>'  little  when  the  diameter  is  small  and  the  length  great  ? 

A.  The  power  of  a  rod  or  pillar  to  resist  compression  varies 
nearly  as  the  fourth  power  of  the  diameter  divided  by  the  square  of 
the  length.  In  the  case  of  hollow  cylindrical  columns  of  cast  iron, 
it  has  been  found,  experimentally,  that  the  3*5 5th  power  of  the  in- 
ternal diameter,  subtracted  from  the  3*5 5th  power  of  the  external 
diameter,  and  divided  by  the  1 7th  power  of  the  length,  will  represent 
the  strength  very  nearly.  In  the  case  of  hollow  cylindrical  columns 
of  malleable  iron,  experiment  shows  that  the  3*59th  power  of  the 
internal  diameter,  subtracted  from  the  3* 59th  power  of  the  external 
diameter,  and  divided  by  the  square  of  the  length,  gives  a  proper 
expression  for  the  strength  ;  but  this  rule  only  holds  where  the  strain 
does  not  exceed  eight  or  nine  tons  on  the  square  inch  of  section. 
Beyond  twelve  or  thirteen  tons  per  square  inch  of  section,  the 
metal  cannot  be  depended  upon  to  withstand  the  strain,  though 
hollow  pillars  will  sometimes  bear  fifteen  or  sixteen  tons  per  square 
inch  of  section. 

Q,  Does  not  the  thickness  of  the  metal  of  the  pillars  or  tubes 
affect  the  question  ? 

A,  It  manifestly  does ;  for  a  tube  of  very  thin  metal,  such  as 
gold-leaf  or  tin -foil,  would  not  stand  on  end  at  all,  being  crushed 
down  by  its  own  weight.  It  is  found,  experimentally,  that  in  mal- 
leable iron  tubes  of  the  respective  thicknesses  of  '525,  -272,  and 
•124  inches,  the  resistances  to  crushing  per  square  inch  of  section 
are  19*17,  I4'47,  and  7*47  tons  respectively.  The  power  of  plates 
to  resist  compression  varies  nearly  as  the  cube,  or,  more  nearly,  as 
the  2*878th  power  of  their  thickness ;  but  this  law  only  holds  so 
long  as  the  pressure  applied  does  not  exceed  from  nine  to  twelve 
tons  per  square  inch  of  section.  When  the  pressure  is  greater  than 
this,  the  metal  is  crushed,  and  a  new  law  supervenes. 

Q.  In  a  riveted  tube,  will  the  riveting  be  much  damaged  by 
heavy  strains  } 

A,  It  will  be  most  affected  by  percussion.  Long-continued  im- 
pact on  the  side  of  a  tube,  producing  a  deflection  of  only  one-fifth 
of  that  which  would  be  required  to  injure  it  by  pressure,  is  found  to 
be  destructive  of  the  riveting  ;  but  in  large  riveted  structures,  such 
as  a  ship  or  a  railway  bridge,  the  inertia  of  the  mass  will  by  resisting 
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the  effect  of  impact,  prevent  any  injurious  action  from  this  cause 
from  taking  place. 

Q.  Will  the  power  of  iron  to  resist  shocks  be  in  all  cases  pro- 
portional to  its  power  to  resist  strains  ? 

A.  By  no  means.  Some  cast  iron  is  very  hard  and  brittle  ;  and 
although  it  will  in  this  state  resist  compression  very  strongly,  it  will 
be  easily  broken  by  a  blow.  Iron  which  has  been  re-melted  many 
times  generally  falls  into  this  categor>',  as  it  will  also  do  if  run  into 
very  small  castings.  It  has  been  found,  by  experiment,  that  iron, 
of  which  the  crushing  strength  per  square  inch  is  about  42  tons, 
will,  if  remelted  twelve  times,  bear  a  crushing  weight  of  70  tons, 
and  if  re-mclted  eighteen  times,  it  will  bear  a  crushing  weight  of 
S3  tons  ;  but,  taking  its  power  to  resist  impact  in  its  first  state  at 
706,  this  power  will  be  raised  at  the  twelfth  re-melting  to  1,153, 
and  will  be  sunk  at  the  eighteenth  re -melting  to  149. 

Q,  From  all  this  it  appears  that  a  combination  of  cast  iron  and 
malleable  iron  is  the  best  for  the  beams  of  engines  ? 

A.  Yes,  and  for  all  beams.  Engine  beams  should  be  made 
deeper  at  the  middle  than  they  are  now  made  :  the  web  should  be 
lightened  by  holes  pierced  in  it,  and  round  the  edge  of  the  beam 
there  should  be  a  malleable  iron  hoop  or  strap  applied,  as  is  done 
in  the  case  of  American  engine  beams.  The  flanges  at  the  edges 
of  engine  beams  are  invariably  made  too  small.  It  is  in  them  that 
the  strength  of  the  beam  chiefly  resides.  In  uTought-iron  girders 
the  area  of  the  section  of  the  top  flange  should  be  somewhat  greater 
than  that  of  the  bottom  one.  In  steel  girders  the  bottom  flange 
should  be  twice  the  area  of  the  top  flange,  and  in  cast-iron  girders 
the  bottom  flange  should  be  six  times  the  area  of  the  top  flange. 


HEAT. 

Q.  What  is  meant  by  latent  heat  ? 

A,  By  latent  heat  is  meant  the  heat  existing  in  bodies  which 
is  not  discoverable  by  the  touch  or  by  the  thermometer,  but  which 
manifests  its  existence  by  producing  a  change  of  state.  Heat  is 
absorbed  in  the  liquefaction  of  ice,  and  in  the  vaporisation  of  water, 
yet  the  temperature  does  not  rise  during  either  process,  and  the 
heat  absorbed  is  therefore  said  to  become  latent.  The  term  is 
somewhat  objectionable,  as  the  effect  proper  to  the  absorption  of 
heat  has  in  each  case  been  made  visible  ;  and  it  would  be  as 
reasonable  to  call  hot  water  latent  steam.     Latent  heat,  in  the 
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present  acceptation  of  ilie  Icrm,  means  sensible  liquel 
vaporisation  ;  but  to  pruduce  these  changes  heat  is  as  necessary 
as  to  produce  the  expansion  of  mercury  in  a  thennometer  tube, 
which  is  taken  as  the  measure  of  temperature ;  and  it  la  hard  ii> 
see  on  what  ground  heal  can  be  said  lo  be  latent  when  its  presence 
is  made  manifest  by  changes  which  only  heat  can  etfect.  It  is  the 
temperature  only  that  is  latent,  and  btent  temperature  means 
sensible  vaporisation  or  liquefaction. 

Q.  Bui  when  you  talk  of  the  latent  heat  of  steam,  what  do 
mean  lo  express  i 

A.  I  mean  to  express  the  heat  consumed  in  accomplishing  IM 
vaporisation  compared  with  that  necessary  for  producing  the  tem- 
perature. The  latent  heat  of  steam  is  usually  reckoned  at  about 
1,000  degrees,  by  which  it  is  meant  that  there  is  as  much  heat  in 
any  given  weight  of  steam  as  would  raise  its  constituent  w; 
1,000  degrees  if  the  expansion  of  the  water  could  be  prcvenl 
as  would  raise  1,000  times  that  quantity  of  water  1  degree, 
boiling-point  of  water,  being  212  degrees,  is  180  degrees  above 
freezing-point  of  water — the  freezing-point  being  33  degrees  j 
that  it  requires  I,i8o  times  as  much  heat  to  raise  I  lb.  of  water 
into  steam,  as  to  raise  1  lb.  of  water  1  degree  ;  or  it  requires  about 
as  much  heat  to  raise  1  lb.  of  boiling  water  into  steam  as  would— 
raise  5^  lbs.  of  water  from  the  freezing  to  the  boiling  point,  t 
multiplied  by  180  being  990,  or  1,000  nearly. 

Q.  When  it  is  stated  that  the  latent  heat  of  s 
degrees,  it  is  only  meant  that  this  is  a  rough  approximation  10  (h£ 
truth  ? 

A.  Precisely  so.  The  latent  heat,  in  point  of  fact,  is  not  uni- 
form at  all  temperatures  ;  neither  is  the  total  amount  of  heat  the 
same  at  all  temperatures.  M.  Regnault  has  shown,  by  a  very 
elaborate  series  of  experiments,  that  the  total  heat  In  sleam  in- 
creases somewhat  with  the  pressure,  and  that  the  latent  heat  di- 
minishes somewhat  with  the  pressure.  This  will  be  made  obviouftj 
by  the  following  numbers  : —  J| 
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It  will  have  35  degrees  of  heat  over  that  which  is  required  for  the 
maintenance  of  the  vaporous  state,  or,  in  other  words,  it  will  be 
surcharged  with  heat. 

Q.  What  do  you  understand  by  specific  heat  ? 

A,  By  specific  heat  I  understand  the  relative  quantities  of 
heat  in  bodies  at  the  same  temperature,  just  as  by  specific  gravity 
I  understand  the  relative  quantities  of  matter  in  bodies  of  the 
same  bulk.  Equal  weights  of  quicksilver  and  water  at  the  same 
temperature  do  not  contain  the  same  quantities  of  heat  any  more 
than  equal  bulks  of  those  liquids  contain  the  same  quantity  of 
matter.  The  absolute  quantity  of  heat  in  any  body  is  not  known  ; 
but  the  relative  heat  of  bodies  at  the  same  temperature,  or,  in  other 
words,  their  specific  heats,  have  been  ascertained  and  arranged  in 
tables — the  specific  heat  of  water  being  taken  as  unity. 

Q.  In  what  way  does  the  specific  heat  of  a  body  enable  the 
quantity  of  heat  in  it  to  be  determined  ? 

A.  If  any  body  has  only  half  the  specific  heat  of  water,  then  a 
pound  of  that  body  will,  at  any  given  temperature,  have  only  half 
the  heat  in  it  that  is  in  a  pound  of  water  at  the  same  temperature. 
The  specific  heat  of  air  is  '2377,  that  of  water  being  i ;  or  it  is 
4*207  times  less  than  that  of  water.  An  amount  of  heat,  therefore, 
which  would  raise  a  pound  of  water  i  degree  would  raise  a  pound 
of  air  4*207  degrees. 

g-  What  is  the  amount  of  power  which  a  given  quantity  of 
heat  produces  in  the  best  existing  engines  as  compared  with  what 
it  should  produce  in  a  perfect  engine  ? 

A.  About  one-tenth.  It  has  already  been  explained  that  a 
pound  of  water  raised  i  degree  in  temperature  is  what  is  called  a 
thermal  unit,  by  which  any  quantity  of  heat  above  the  atmo- 
spheric temperature  is  measurable,  and  the  heat  consumed  by  an 
engine  can  be  measured  by  this  unit  so  as  to  determine  its  precise 
amount.  The  mechanical  equivalent  of  a  thermal  unit  bein^ 
772  lbs.  lifted  through  i  foot,  this  amount  of  power  is  what  is 
termed  the  mechanical  equivalent  of  heat.  It  is  found  that  the 
most  perfect  modem  engines,  when  examined  by  the  aid  of  this 
test,  do  not  convert  more  than  about  one-tenth  of  the  heat  into 
power,  the  rest  going  off  as  waste  steam  or  hot  water. 

Q.  What  is  the  main  cause  of  this  great  waste,  and  how  is  it 
to  be  prevented .? 

A.  The  main  cause  is  taking  the  temperature  of  the  steam  as 
the  starting-point,  instead  of  the  temperature  of  the  furnace.    The 
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temperature  of  the  steam  may  be  300**  Fahr.,  whereas  the  tempera- 
ture of  the  furnace  is  3,000°  Fahr.  or  more  ;  and  if  steam  or  some 
other  fluid  were  to  be  taken  at  a  temperature  of  3,000°,  and  the 
temperature  reduced  to  300°  by  expansion,  generating  power  all  the 
way,  it  is  clear  that  much  power  would  be  recovered  that  is  at 
present  wasted.  No  doubt,  in  steam  boilers  communicating  heat 
through  metallic  surfaces,  it  is  necessary  to  have  a  large  difference 
in  the  temperature  of  the  water  and  of  the  furnace,  else  conduction 
could  not  go  on.  But  this  is  only  another  way  of  saying  that  the 
existing  arrangement  is  very  imperfect,  as  the  heat  may  be  im- 
parted by  jet,  like  the  cold  in  jet  condensers.  It  is  in  this  direction 
that  the  road  lies  to  the  establishment  of  improved  methods  for 
producing  motive  power. 

COMBUSTION. 

Q.  What  is  the  nature  of  combustion  1 

A,  Combustion  is  nothing  more  than  an  energetic  chemical 
combination,  or,  in  other  words,  it  is  the  mutual  neutralisation  of 
opposing  electricities.  When  coal  is  brought  to  a  high  tempera- 
ture it  acquires  a  strong  affinity  for  oxygen,  and  combination  with 
oxygen  will  produce  more  than  sufficient  heat  to  maintain  the 
original  temperature ;  so  that  part  of  the  heat  is  rendered  appli- 
cable to  other  purposes. 

Q.  Does  air  consist  of  oxygen  } 

A,  Air  consists  of  oxygen  and  nitrogen  mixed  together  in  the 
proportion  of  3-29  lbs.  of  nitrogen  to  i  lb.  of  o.xygen.  Every  pound 
of  coal  requires  about  2*66  lbs.  of  oxygen  for  its  saturation,  and 
therefore  for  every  pound  of  coal  burned  875  lbs.  of  nitrogen  must 
pass  through  the  tire,  supposing  all  the  oxygen  to  enter  into  com- 
bination. In  practice,  however,  this  perfection  of  combination  does 
not  exist :  from  one-third  to  one-half  of  the  oxygen  will  pass 
through  the  fire  without  entering  into  combination  at  all ;  so  that 
from  16  to  18  lbs.  of  air  are  required  for  every  pound  of  coal 
burned.  18  lbs.  of  air  are  about  240  cubic  feet,  which  may  be 
taken  as  the  quantity  of  air  required  for  the  combustion  of  a  pound 
of  coal  in  practice. 

Q,  What  are  the  constituents  of  coal } 

A,  The  chief  constituent  of  coal  is  carbon  or  pure  charcoal, 
which  is  associated  in  various  proportions  with  volatile  and  eanhy 
matters.    English  coal  contains  80  to  90  per  cent  of  carbon,  and 
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from  S  to  18  per  cent,  volatile  and  earthy  matters,  but  sometimes 
more  than  this.  The  volatile  matters  are  hydrogen,  nitrogen^ 
oxygen,  and  sulphur. 

Q,  What  is  the  difference  between  anthracite  and  bituminous 
coal? 

A,  Anthracite  consists  almost  entirely  of  carbon,  having  91 
per  cenL  of  carbon,  with  about  7  per  cent,  of  volatile  matter  and 
2  per  cent  of  ashes.  Newcastle  coal  contains  about  %i  per  cent 
of  carbon,  14  per  cent,  of  volatile  matter,  and  3  per  cent  of  ashes. 

Q.  Will  you  recapitulate  the  steps  by  which  you  determine  the 
quantity  of  air  required  for  the  combustion  of  coal  ? 

A.  Looking  to  the  quantity  of  oxygen  required  to  unite  chemi- 
cally with  the  various  constituents  of  the  coal,  we  find,  for  example 
that  in  100  lbs.  of  anthracite  coal  consisting  of  91*44  lbs.  of  carbon 
and  3-46  lbs.  of  hydrogen  we  shall  for  the  91*44  lbs.  of  carbon 
require  24384  lbs.  of  oxygen — since  to  saturate  a  pound  of  carbon 
by  the  formation  of  carbonic  acid  requires  2J  lbs.  of  oxygen.  To 
saturate  a  pound  of  hydrogen  in  the  formation  of  water  requires 
8  lbs.  of  oxygen  ;  hence  3*46  lbs.  of  hydrogen  will  take  27*68  lbs.  of 
oxygen  for  its  saturation.  If,  then,  we  .idd  24384  lbs.  to  27*68  lbs., 
we  have  271*52  lbs.  of  oxygen  required  for  the  combustion  of 
100  lbs.  of  coaL  A  given  weight  of  air  contains  nearly  23*32  per 
cent  of  oxygen  ;  hence,  to  obtain  271*52  lbs.  of  oxygen,  we  must 
have  about  four  times  that  quantity  of  atmospheric  air,  or,  more 
accurately,  1,164  lbs.  of  air  for  the  combustion  of  100  lbs.  of  coal. 
A  cubic  foot  of  air  at  ordinary  temperatures  weighs  about  -075  lbs.; 
so  that  100  lbs.  of  coal  require  15,524  cubic  feet  of  air,  or  i  lb.  of 
coal  requires  about  155  cubic  feet  of  air,  supposing  every  atom  of 
the  oxygen  to  enter  into  combination.  If,  then,  from  one-third  to 
one-half  of  the  air  passes  unconsumed  through  the  fire,  an  allow- 
ance  of  240  cubic  feet  of  air  for  each  pound  of  coal  will  be  a  small 
enough  allowance  to  answer  the  requirements  of  practice,  and  in 
some  cases  as  much  as  320  cubic  feet  will  be  required — the 
difference  depending  mainly  on  the  peculiar  configuration  of  the 
fiimace. 

Q.  Can  you  state  the  evaporative  efficacy  of  a  pound  of  coal } 

A.  The  evaporative  efficacy  of  a  pound  of  carbon  has  been 
iband  experimentally  to  be  equivalent  to  that  necessary  to  raise 
14,000  lbs.  of  water  through  i  degree,  or  14  lbs.  of  water  through 
1.000  degrees,  supposing  the  whole  heat  generated  to  be  absorbed 
by  the  water.     Now,  if  the  water  be  raised  into  steam  from  a 


5S  Evaporative  Pfftver  of  Different  fuels. 

temperature  of  60°,  ihcn  1  r  18-9°  of  heat  will  have  to  be  impartci 
to  it  to  convert  it  into  steam  of  15  lbs.  pressure  per  square  inch. 
14,000-^1  n8-9=  ij-512  lbs.  will  be  the  number  of  pounds  of  water, 
therefore,  which  a  pound  of  larbon  can  raise  into  steam  of  15  lbs. 
pressure  from  a  temperature  of  60'.  This,  however,  is  a  laboratory 
result,  and  is  a  considerably  larger  result  than  can  be  expected  in 
practice. 

Q.  Then  what  is  the  result  that  may  be  expected  in  practice  ? 

A.  The  evaporative  powers  of  different  coals  appear  to  be 
nearly  proportional  to  the  quantity  of  carbon  in  them  ;  and  bitu- 
minous coal  is,  therefore,  less  efficacious  than  coal  consisting  chiefly 
of  pure  carbon.  A  pound  of  the  best  Welsh  or  anthracite  coal  is 
capable  of  raising  from  gi  to  10  lbs.  of  water  from  313°  into  steam. 
whereas  a  pound  of  the  best  Newcastle  is  not  capable  of  raising 
more  than  about  SJ  lbs.  of  water  from  212°  into  steam  :  and  in- 
ferior co.als  will  not  raise  more  than  6J  lbs.  of  water  into  steam. 
In  America  it  has  been  found  that  1  lb.  of  the  best  coal  is  equal  to 
aj  lbs.  of  pine  wood,  or,  in  some  cases,  to  3  lbs.;  and  a  pound  of 
pine  wood  will  not  usually  evaporate  more  than  about  1\  lbs.  of 
water,  though,  by  careful  management,  it  may  be  made  to  evapo- 
rate 4j  lbs.  Turf  will  generate  rather  more  steam  than  wood. 
Coke  is  equal  or  somewhat  superior  to  the  best  coal  in  evaporatix'C 
effect. 

Q.  How  much  water  will  a  pound  of  coal  raise  into  steam  in 
ordinary  boilers  ?  I 

A.  From  6  to  8  lbs.  of  water  in  the  generality  of  land  boilen 
of  medium  quality,  the  difference  depending  on  the  kind  of  boiler, 
the  kind  of  coal,  and  other  circumstances.  Mr.  Watt  reckoned  his 
boilers  as  capable  of  evaporating  io'o8  cubic  feet  of  water  with  a 
bushel,  or  84  lbs.,  of  Newcastle  coal,  which  is  equivalent  to  7*  lbs. 
of  water  evaporated  by  1  lb.  of  coal  ;  and  this  may  be  taken  as  the 
performance  of  common  land  boilers  at  the  present  time.  In  some 
of  the  Cornish  boilers,  however,  a  pound  of  coal  raises  1 1  -8  lbs.  of 
boiling  water  into  steam,  or  a  hundredweight  of  coal  evaporsics 
about  2\  cubic  feet  of  water  from  211°. 

Q.  What  method  of  firing  ordinary  furnaces  is  the  best  ? 

A.  The  coals  should  be  broken  up  into  small  pieces,  and 
sprinkled  thinly  and  evenly  over  the  fire  a  little  at  a  time.  The 
thickness  of  the  stratum  of  coal  upon  the  grate  should  depend  upon 
ihe  intensity  of  the  draught.  In  ordinary  land  or  marine  boilers  it 
should  be  thin,  whereas  in  locomotive  boilers  it  requires  to  be  much 
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thicker.  If  the  stratum  of  coal  be  thick  while  the  draught  is 
sluggish,  the  carbonic  acid  resulting  from  combustion  combines 
with  an  additional  atom  of  carbon  in  passing  through  the  fire,  and 
is  converted  into  carbonic  oxide,  which  may  be  defined  to  be  in- 
visible smoke,  as  it  carries  off  a  portion  of  the  fuel :  if,  on  the  con- 
trary, the  stratum  of  coal  be  thin  while  the  draught  is  very  rapid, 
an  injurious  refrigeration  is  occasioned  by  the  excess  of  air  passing 
through  the  furnace.  The  fire  should  always  be  spread  of  uniform 
thickness  over  the  bars  of  the  grate,  and  should  be  without  any 
boles  or  uncovered  places,  which  greatly  diminish  the  tffect  of  the 
fuel  by  the  refrigeratory  action  of  the  stream  of  cold  air  which 
enters  thereby.  A  wood  fire  requires  to  be  about  six  inches  thicker 
than  a  coal  one,  and  the  wood  should  be  cut  into  short  billets.  A 
turf  fire  requires  to  be  three  or  four  inches  thicker  than  a  wood  one, 
so  that  the  furnace  bars  must  be  placed  lower  where  wood  or  turf 
is  burned  to  enable  the  surface  of  the  fire  to  be  at  the  same  distance 
from  the  bottom  of  the  boiler. 

Q,  Is  a  slow  or  a  rapid  combustion  the  most  beneficial } 

A.  A  slow  combustion  is  found  by  experiment  to  give  the  best 
results  as  regards  economy  of  fuel,  and  theory  tells  us  that  the 
largest  advantage  will  necessarily  be  obtained  where  adequate  time 
has  been  afforded  for  a  complete  combination  of  the  constituent 
atoms  of  the  combustible  and  the  supporter  of  combustion,  and 
ample  surface  for  the  absorption  of  the  heat.  In  many  of  the  cases, 
however,  which  occur  in  practice,  a  slow  combustion  is  not  attain- 
able ;  but  the  tendencies  of  slow  combustion  are  both  to  save  the 
fuel  and  to  bum  the  smoke. 

Q.  Is  not  the  combustion  in  the  furnaces  of  the  Cornish  boilers 
very  slow  ? 

A.  Yes,  very  slow  ;  and  there  is  in  consequence  very  little 
smoke  evolved.  The  coal  used  in  Cornwall  is  Welsh  coal,  which 
generates  but  little  smoke,  and  is  therefore  more  favourable  for  the 
success  of  a  smokeless  furnace  ;  but  in  the  manufacturing  districts 
where  the  coal  is  more  bituminous,  it  is  found  that  smoke  may  be 
almost  wholly  prevented  by  careful  firing,  and  by  the  use  of  a  large 
capacity  of  furnace. 

j2-  Do  you  consider  slow  combustion  to  be  an  advisable  thing 
to  practise  in  steam  vessels  ? 

A,  No,  I  do  not.  When  the  combustion  is  slow  the  heat  in  the 
furnaces  and  flues  is  less  intense,  and  a  larger  amount  of  heating 
surface  consequently  becomes  necessary  to  absorb  the  heat.     In 
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locomotives,  where  the  heat  of  the  furnace  is  very  intense,  there 
will  be  the  same  economy  of  fuel  with  an  allowance  of  five  or  six 
square  feet  of  surface  to  evaporate  a  cubic  foot  of  water  as  in  com- 
mon marine  boilers  with  ten  or  twelve. 

Q.  What  is  the  method  of  consuming  smoke  pursued  in  the 
manufacturing  districts  ? 

A.  \ii  Manchester,  where  some  stringent  regulations  for  the 
prevention  of  smoke  have  for  some  time  been  in  force,  it  is  found 
that  the  readiest  way  of  burning  the  smoke  is  to  have  a  very  large 
proportion  of  furnace  room,  whereby  slow  combustion  may  be 
carried  on.  In  some  cases,  too,  a  favourable  result  is  arrived  at  by 
raising  a  ridge  of  coal  across  the  furnace  lying  against  the  bridge, 
and  of  the  same  height.  This  ridge  speedily  becomes  a  mass  of  in- 
candescent coke,  which  promotes  the  combustion  of  the  smoke 
passing  over  it. 

g.  Is  the  method  of  admitting  a  stream  of  air  into  the  flues  to 
bum  the  smoke  regarded  favourably  t 

A,  No  ;  it  is  found  to  be  productive  of  injury  to  the  boiler  by 
the  violent  alternations  of  temperature  it  occasions,  as  at  some 
times  cold  air  impinges  on  the  iron  of  the  boiler,  and  at  other  times 
flame,  just  as  there  happens  to  be  smoke  or  no  smoke  emitted  by 
the  furnace.  Boilers,  therefore,  operating  upon  this  principle 
speedily  become  leaky,  and  are  much  worn  by  oxidation.  It  ii 
very  difficult  to  apportion  the  quantity  of  air  admitted  to  the  vary- 
ing wants  of  the  fire  ;  and  as  air  may  at  some  times  be  rushing  in 
when  there  is  no  smoke  to  consume,  a  loss  of  heat  and  an  increased 
consumption  of  fuel  may  be  the  result  of  the  arrangement ;  and, 
indeed,  such  is  the  result  in  practice,  though  a  carefully  performed 
experiment  usually  demonstrates  a  saving  in  fuel  of  ten  or  twelve 
per  cent. 

Q.  What  other  plans  have  been  contrived  for  obviating  the 
nuisance  of  smoke  1 

A.  They  are  too  various  for  enumeration,  but  most  of  them 
either  operate  upon  the  principle  of  admitting  air  into  the  flues  to 
accomplish  the  combustion  of  the  uninflammable  parts  of  the  smoke, 
or  seek  to  attain  the  same  object  by  passing  the  smoke  over  or 
through  the  fire  or  other  incandescent  material.  Some  of  the  plans, 
indeed,  profess  to  bum  the  inflammable  gases  as  they  are  evolved 
from  the  coal,  without  permitting  the  admixture  of  any  of  the  un- 
inflammable products  of  combustion  which  enter  into  the  composi* 
tion  of  smoke  ;  but  this  object  has  been  very  imperfectly  fulfilled 
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in  any  of  the  contrivances  yet  brought  under  the  notice  of  the 
public,  and  in  some  cases  these  contrivances  have  been  found  to 
create  weightier  evils  than  they  professed  to  relieve. 

(2-  Had  Mr.  Watt  any  method  of  consuming  smoke  ? 

A,  He  tried  various  methods,  but  eventually  fixed  upon  the 
method  of  coking  the  coal  on  a  dead  plate  at  the  furnace  door  be- 
fore pushing  it  into  the  fire.  That  method  is  perfectly  effectual 
where  the  combustion  is  so  slow  that  the  requisite  time  for  coking 
is  allowed,  and  it  is  much  preferable  to  any  of  the  methods  of  ad- 
mitting air  at  the  bridge  or  elsewhere  to  accomplish  the  combustion 
of  the  inflanunable  parts  of  the  smoke. 

Q.  What  arc  the  details  of  Mr.  Watt's  arrangement  as  now 
employed  ? 

A.  The  fire  bars  and  the  dead  plate  are  both  set  at  a  consider- 
able inclination  to  facilitate  the  advance  of  the  fuel  into  the  furnace. 
In  Boulton  and  Watt's  30-horsc-power  land  boiler  the  dead  plate 
and  the  furnace  bars  are  each  about  four  feet  long,  and  they  are  set 
at  the  angle  of  30  degrees  with  the  horizon. 

Q,  Is  the  use  of  the  dead  plate  universally  adopted  in  Boulton 
and  Watt's  land  boilers  } 

A,  It  is  generally  adopted,  but  in  some  cases  Houlton  and  Watt 
have  substituted  the  plan  of  a  revolving  grate  for  consuming  the 
sm<^e,  and  the  dead  plate  then  becomes  both  superfluous  and  in- 
applicable. In  this  contrivance  the  fire  is  replenished  with  coals 
by  a  self-acting  mechanism. 

Q.  Will  you  explain  the  arrangement  of  the  revolving  grate  ? 

A.  The  fire  grate  is  made  like  a  round  table  capable  of  turning 
horizontally  upon  a  centre  ;  a  shower  of  coal  is  precipitated  upon 
the  grate  through  a  slit  in  the  boiler  near  the  furnace  mouth,  .and 
the  smoke  evolved  from  the  coal  dropped  at  the  front  part  of  the 
fire  is  consumed  by  passing  over  the  incandescent  fuel  at  the  back 
part,  from  which  all  the  smoke  must  have  been  expelled  in  the  re- 
volution of  the  grate  before  it  can  have  reached  that  position. 

(2-  Is  a  self-feeding  furnace  applicable  to  a  steam  vessel } 

A,  I  see  nothing  to  prevent  its  application,  nor,  indeed,  is  it 
improbable  that  gas  furnaces  like  those  now  used  for  metallurgic 
purposes  will  be  introduced.  The  introduction  of  any  effectual 
automatic  contrivance  for  feeding  the  fire  in  steam  vessels  would 
bring  about  an  important  economy  in  labour  at  the  same  time  that 
it  would  give  the  assurance  of  the  work  being  better  done.  It  is 
very  difficult  to  fire  furnaces  by  hand  effectually  at  sea,  especially 
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in  rough  M'ealher  and  in  tropical  climates,  whereas  machinery-^ 
would  be  UDofTccted  by  any  such  disturbing  causes,  and  would  per- 
fonn  with  little  expense  the  work  of  many  men  ;  or  if  the  fuel  be 
turned  into  carbonic  oxide,  it  may  obviously  all  be  burned  as  gas. 

Q   Have  any  other  plans  been  devised  for  feeding  the  fire  by 
self-acting  means  besides  that  of  a  revolving  grate  ? 

A.  Yes,  uiany  plans  ;  but  none  of  them,  perhaps,  are  free  from 
an  objeaionable  complication.  In  some  arrangements  the  bars 
are  made  like  screws,  which,  being  turned  round  slowly,  gradually 
carry  forward  the  coal,  while  in  other  arrangements  the  same  object 
is  sought  lo  be  attained  by  alternately  lifting  and  depressing  every 
second  bar  at  the  end  nearest  the  mouth  of  the  furnace.  In  Juckes"  ^ 
fiUTiace,  represented  in  fig.  31,  the  fire-bars  ate  arranged  1; 


manner  of  rows  of  endless  chains  working  over  a  roller  i 
mouth  of  the  furnace,  and  another  roller  at  the  further  end  of  d 
furnace.    These  rollers  are  put  into  slow  revolution,  and  the  codl'l 
which  is  deposited  at  the  mouth  of  the  furnace  is  gradually  carried 
forward  by  the  motion  of  the  chains,  which  act  like  an  endless  web. 
The  clinkers  and  ashes  left  after  the  combustion  of  the  coal  ate 
precipitated  into  the  ash-pit,  where  the  chain  turns  down  o 
roller  at  the  extremity  of  the  furnace. 

Q.  Have  not  many  plans  been  contrived  which  consume  I 
smoke  of  furnaces  very  effectually  ? 

A.  Yes,  many  plans  ;  and  besides  those  already  menlioaed. 
there  are  Hall's,  Coupland's,  Godson's,  Robinson's,  Stevens's. 
Haieldine's,  Inches,  Bristow  and  Atlwood's.  and  a  great  numbec 
of  others.     One  plan  consists  In  making  the  tiame  descend  throu^ 
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the  lire-bats,  and  Ihe  fire-bars  arc  formed  of  tubes  set  on  an  incline' 
and  filled  with  water,  which  water  will  circulate  with  a  rapidity 
proportionate  to  the  intensity  of  the  heat.  In  Thierry's  plan  for 
consuming  smoke,  shown  in  operation  at  the  Paris  Exhibition  of 
1867,  and  of  which  a  representation  is  given  in  fig.  33  (details  in 
sub-figs.  1  to  6)  a  number  of  Jets  of  highly  superheated  steam  are 
directed  obliquely  upon  the  fire  from  a  pipe  which  runs  across  ilic 
front  of  the  furnace  within  and  above  the  furnace  door-  On  the 
whole,  gas  fumnces  promise  best.  ^J 

Q.  Have  experiments  been  made  to  determine  the  elasticity  of 
steam  at  difTercnt  temperatures? 

A.  Yes  ;  very  careful  experiments.  The  following  rule  ex- 
presses the  results  obtained  by  Mr.  Southern  :— To  the  given 
temperature  in  degrees  of  Fahrenheit  add  51 '3  degrees  :  from  the 
logarithm  of  the  sum  subtract  the  logarithm  of  1 35767,  which  is 
3-13:7940;  multiply  the  remainder  by  5-13,  and  to  the  natural 
number  answering  to  the  sum  add  the  constant  fraction  -|,  which 
will  give  the  elastic  force  in  inches  of  mercury.  If  the  elastic  force 
be  known,  and  it  is  wanted  to  determine  the  corresponding  tempe. 
raiure,  the  rule  must  he  modified,  thus  ;— From  the  elastic  force, 
in  inches  of  mercury,  subtract  the  decimal  1,  divide  the  logarithm 
of  the  remainder  by  5-13,  and  to  the  quotient  add  the  logarithm 
2-1327940;  find  the  natural  number  answering  to  the  sum,  and 
subtract  therefrom  the  constant  Sf3  ;  the  remainder  will  be  the 
temperature  sought.  Tlie  French  Academy  and  the  Franklin  In- 
stitute have  repeated  Mr.  Southern's  experiments  on  a  larger 
scale.  The  results  obtained  by  them  are  not  widelj'  different,  and 
are,  perhaps,  nearer  the  truth  ;  but  Mr.  Southern's  r.-sults  are 
generally  adapted  by  engineers  as  sufficiently  accurate  for  practical 
purposes. 

Q.  Have  not  more  recent  experiments  upon  this  subject  been 
made  in  France  by  M.  Kcgnauli? 

A.  Yes  ;  the  experiments  of  M.  Regnault  upon  this  subject 
have  been  very  elaborate  and  very  carefully  conducted,  and  the 
results  are  probably  more  accurate  than  have  been  heretofore 
oblBtned.  Nevertheless,  it  is  questionable  how  far  it  is  advisable 
to  disturb  the  rules  of  Wail  and  Southern,  with  which  the  practice 
of  engineers  is  very  much  identified,  for  the  sake  of  emendations 
which  are  not  of  such  magnitude  as  to   influence   malcrially  the 
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practical  result  M.  Regnault  has  shown  that  the  total  amount  of 
heat  existing  in  a  given  weight  of  steam  increases  slightly  with  the 
pressure,  so  that  the  sum  of  the  latent  and  sensible  heats  do  not 
precisely  form  a  constant  quantity.  Thus,  in  steam  of  the  atmo- 
spheric pressure,  or  with  147  lbs.  upon  the  square  inch,  the  sen- 
sible heat  of  the  steam  is  212  degrees,  the  latent  heat  9666  degrees, 
and  the  sum  of  the  Latent  and  sensible  heats  1178*6  degrees; 
whereas  in  steam  of  90  lbs.  upon  the  square  inch  the  sensible  heat 
is  320*2  degrees,  the  latent  heat  891-4  degrees,  and  the  sum  of  the 
latent  and  sensible  heats  121  i*o  degrees.  There  is,  therefore,  33 
degrees  less  of  heat  in  any  given  weight  of  water,  raised  into  steam 
of  the  atmospheric  pressure,  than  if  raised  into  steam  of  90  lbs. 
pressure. 

Q.  What  expansion  does  water  undergo  in  its  conversion  into 
steam  ? 

A,  A  cubic  inch  of  water  makes  about  a  cubic  foot  of  steam  of 
the  atmospheric  pressure. 

Q.  And  how  much  at  a  higher  pressure  ? 

A.  That  depends  upon  what  the  pressure  is.  But  the  propor- 
tion  is  easily  ascertained,  for  the  pressure  and  the  bulk  of  a  given 
quantity  of  steam,  as  of  air  or  any  other  elastic  fluid,  arc  always 
inversely  proportional  to  one  another.  Thus,  if  a  cubic  inch  of 
water  makes  a  cubic  foot  of  steam  with  the  pressure  of  one  atmo- 
sphere, it  will  make  half  a  cubic  foot  with  the  pressure  of  two 
atmospheres,  a  third  of  a  cubic  foot  with  the  pressure  of  three 
atmospheres,  and  so  on  in  all  other  proportions.  High  pressure 
steam,  indeed,  is  just  low  pressure  steam  forced  into  a  less  space, 
and  the  pressure  will  always  be  great  in  the  proportion  in  which 
the  space  is  contracted. 

Q,  If  this  be  so,  the  quantity  of  heat  in  a  given  weight  of  steam 
must  be  nearly  the  same,  whether  the  steam  is  high  or  low  pres- 
sure? 

A,  Yes  ;  the  heat  in  steam  is  nearly  a  constant  quantity  at  all 
pressures,  but  not  so  precisely.  Steam  to  which  an  additional 
quantity  of  heat  has  been  imparted  after  leaving  the  boiler,  or  as  it 
is  called  *•  superheated  steam,'  comes  under  a  different  law,  for  the 
elasticity  of  such  steam  may  be  increased  without  any  addition 
being  made  to  its  weight ;  but  with  the  amount  of  superheating 
at  present  employed  for  working  engines,  it  may  be  considered  in 
practice  that  a  pound  of  steam  contains  very  nearly  the  same 
quantity  of  beat  at  all  pressures. 
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Q.  Does  not  ihe  quantity  of  heat  In  any  body  vary  with  t 
temperature  f 

j4.  Other  circumstances  remaining  the  same,  the  qu:iniity 
heal  in  a  body  increases  with  the  temperature. 

Q.  And  is  not  high  pressure  steam  hotter  than  low  pre; 

j4.  Yes,  the  temperature  of  steam  rises  with  the  pressure. 
Q.  How  then  comes  it  thai  there  is  the  same  quantity  of 
in  the  same  weight  of  high  and  low  pressure  steam,  when  the  hi| 
pressure  steam  has  the  highest  temperature? 

j1.  Because,  although  the  temperature  or  sensible  heat 
with  the  pressure,  the  latent  heat  becomes  less  in  about  the  sam6 
proportion  ;  and,  as  has  been  already  explained,  the  latent  and 
sensible  heats  taken  together  make  up  nearly  the  same  amount  at 
all  temperatures,  liul  the  amount  is  somewhat  greater  at  the 
higher  temperatures.  As  a  damp  sponge  becomes  wet  when  sub- 
jected to  pressure,  so  warm  vapour  becomes  hot  when  forced  into 
less  bulk,  but  in  neither  case  does  the  quantity  of  i 
quantity  of  heat  sustain  any  alteration.  Common  air  becomes  so- 
hot  by  compression  that  tinder  may  be  inflamed  by  it,  a 
in  ihe  instrument  for  producing  instantaneous  light  by  suddei 
forcing  air  into  a  syringe. 

Q,  What   law  is  followed  by  superheated  or  surcharged 
on  Ihe  application  of  heat  ? 

v4.  The  same  as  that  followed  by  air,  in  which  the 
in  volume  are  very  nearly  in  the  same  proportion  as  the  increments 
in  temperature ;  and  the  increment  in  volume  for  each  degree  of 
increased  temperature  is  j  Jjih  part  of  the  volume  at  32°.  A  volume 
of  air  which,  at  the  temperature  of  33",  occupies  100  cubic  feel,  will 
at  211*  fill  a  space  of  13673  cubic  feet.  The  volume  which  air  or 
steam— out  of  contact  with  water — of  a  given  temperature  acquires 
by  being  heated  to  a  higher  temperature,  the  pressure  remaining 
the  same,  may  be  found  by  the  following  rule  ; — To  each  of  the 
temperatures,  before  and  after  expansion,  add  Ihe  constant  number 
459 ;  divide  the  greater  sum  by  the  less,  and  multiply  the  quoiient 
by  the  volume  at  the  lower  temperature  :  ihc  product  will  gj' 
expanded  volume. 

Q.  If  Ihe  relative  volumes  of  steam  and  water  are  known,  is 
possible  to  tell  the  quantity  of  water  which  should  be  supplied 
boiler  when  the  quantity  of  steam  expended  is  specified  i 

A.  Yes:  at  the  atmospheric  pressure  about  a  cubic  inch  of 
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ifiratcr  has  to  be  supplied  to  the  boiler  for  every  cubic  foot  of  steam 
abstracted ;  at  other  pressures,  the  relative  bulk  of  water  and  steam 
may  be  determined  as  follows  : — To  the  temperature  of  steam  in 
degrees  of  Fahrenheit,  add  the  constant  number  459,  multiply  the 
sum  by  37*3,  and  divide  the  product  by  the  elastic  force  of  the 
steam  in  pounds  per  square  inch  ;  the  quotient  will  give  the  volume 
required. 

Q,  Will  this  rule  give  the  proper  dimensions  of  the  pump  for 
feeding  the  boiler  with  water  ? 

A.  No ;  it  is  necessary  in  practice  that  the  feed  pump  should 
be  able  to  supply  the  boiler  with  a  much  larger  quantity  of  water 
than  what  is  indicated  by  these  proportions,  from  the  risk  of  leaks, 
priming,  or  other  disarrangements,  and  the  feed  pump  is  usually 
made  capable  of  raising  3J  times  the  water  evaporated  by  the 
boiler.  About  aJf,th  of  the  capacity  of  the  cylinder  answers  very 
well  for  the  capacity  of  the  feed  pump  in  the  case  of  low-pressure 
engines,  supposing  the  cylinder  to  be  double-acting  and  the  pump 
single-acting  ;  but  it  is  better  to  exceed  this  size. 

Q.  \s  this  rule  for  the  size  of  the  feed  pump  applicable  to  the 
case  of  high-pressure  engines  .^ 

A,  Clearly  not ;  for  since  a  cylinder  full  of  high-pressure  steam 
contains  more  water  than  the  same  cylinder  full  of  low-pressure 
steam,  the  size  of  the  pump  must  vary  in  the  same  proportion  as 
the  density  of  the  steam.  In  all  pumps  a  good  deal  of  the  effect  is 
lost  from  the  imperfect  action  of  the  valves ;  and  in  engines 
travelling  at  a  high  rate  of  speed,  in  particular,  a  large  part  of  the 
water  is  apt  to  return  through  the  suction-valve  of  the  pump, 
especially  if  much  lift  be  |>ermitted  to  that  valve.  In  steam  vessels, 
moreover,  when  the  boiler  is  fed  with  salt  water,  and  where  a 
certain  quantity  of  supersalted  water  has  to  be  blown  out  of  the 
boiler  from  time  to  time  to  prevent  the  water  from  reaching  too 
high  a  degree  of  concentration,  the  feed  pump  requires  to  be  of 
additional  size  to  supply  the  extra  quantity  of  water  thus  rendered 
necessary.  When  the  feed  water  is  boiling  or  very  hot,  as  in  some 
engines  is  the  case,  the  feed  pump  will  not  draw  from  a  depth,  and 
vill  altogether  act  less  efficiently,  so  that  an  extra  size  of  pump 
has  to  be  provided  in  consequence.  These  and  other  considera- 
tions which  might  be  mentioned  show  the  propriety  of  making  the 
feed  pump  very  much  larger  than  theory  requires.  The  proper 
proportions  of  pumps,  however,  forms  part  of  one  of  the  succeeding 
ch^ters. 
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WORKINK   ENGINES   EXPANSIVELY. 

Q.  Whal  is  meant  by  working  engines  expansively  ? 

A.  Adjusting  the  valves,  so  that  the  steam  is  shui  off  from  Ilie 
cylinder  before  the  end  of  the  stroke,  whereby  the  residue  of  the 
stroke  is  left  to  be  completed  by  the  expanding  sieam. 

Q.  And  whai  is  the  benefit  of  that  practice? 

j4.  It  accomplishes  an  importitnt  saving  of  steam,  or,  what  is 
the  sanie  thing,  of  fuel ;  but  it  diminishes  the  power  of  the  engine, 
while  increasing  the  power  of  the  sieain.  A  larger  engine  will  be 
"cquired  to  do  the  same  work,  but  the  work  will  be  done  with  a. 
smaller  consumption  of  fuel.  If,  for  esiample,  the  steam  be  shut 
off  when  only  half  the  stroke  is  completed,  there  will  only  be  half 
laniily  of  steam  used.  But  there  will  be  more  than  half  the 
exerted  :  for  although  the  pressure  of  the  steam  decreases 
after  the  supply  entering  from  the  boiler  is  shut  off,  yet  it  imparts, 
during  its  expansion,  some  power,  and  iliat  power,  it  is  clear,  is 
obtained  without  any  expenditure  of  steatn  or  fuel  whatever. 

Q.  What  will  be  the  pressure  of  the  steam,  under  such  circum- 
stances, at  the  end  of  the  stroke? 

j4.  If  the  steam  be  shut  off  at  half-stroke,  the  pressure  of  the 
Iteam,  reckoning  the  total  pressure  both  below  and  above  the 
atmosphere,  will  just  be  one-half  of  what  it  was  at  the  beginning  of 
the  stroke.  It  is  a  well-known  law  of  pneumatics  that  the  pressure 
of  elastic  fluids  varies  inversely  as  the  spaces  into  which  they  are 
expanded  or  compressed.  Cor  example,  if  a  cubic  foot  of  air  of 
the  atmospheric  density  be  compressed  into  the  compass  of  half  a 
cubic  foot,  its  elasticity  will  be  increased  from  1 5  lbs.  on  the  square 
inch  to  30  lbs.  on  the  square  inch  ;  whereas,  if  its  volume  be 
enlarged  10  two  cubic  feet,  its  elasticity  will  be  reduced  to  Ji  lbs. 
on  the  square  inch,  being  just  half  its  original  pressure.  The  same 
law  holds  in  all  other  proportions,  and  with  all  other  gases  and 
vapours,  provided  their  temperature  remains  unchanged  ;  and  if 
the  steam  valve  of  an  engine  be  closed,  when  the  piston  has  de- 
scended through  one-founh  of  the  stroke,  tlie  steam  within  tlie 
cylinder  wilt,  at  the  end  of  the  stroke,  Just  exert  one-fourth  of  its 
initial  pressure. 

Q.  Then  by  computing  the  varying  pressure  at  a  number  of  I 
Stages,  the  average  or  mean  pressure  throughout  the  stroke  may  be  i 
approximately  determined  i 
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A.  Precisely  so.  Thus,  in  the  accompanying  figure  (lig.  33), 
let  E  be  a  cylinder,  )  the  piston,  a  the  steam  pipe,  c  the  upper  port, 
/the  lower  port,  d  the  steam  pipe,  prolonged  to  e  the  equilibrium 


valve,  g  the  eduction  valve,  U  the 
cover,  O  stuffing  box,  n  piston  rod, 
cylinder  be  supposed 
to  be  divided  in  the 
direction  of  its  length 
into  any  number  of 
equal  parts,  say  twenty, 
and  let  the  diameter  of 
the  cylinder  represent 
the  pressure  of  the 
steam,  which,  for  the 
sake  of  simplicity,  we 
may  take  at  10  lbs., 
so  that  we  may  divide 
the  cylinder  in  the  di- 
rection of  its  diameter 
into  ten  equal  parts. 
It,  now,  the  piston  be 
supposed  to  descend 
throu^  five  of  the  di- 
visions, and  the  steam 
valve  then  be  shut, 
the  pressure  at  each 
subsequent  position  of 
the  piston  will  be  re- 
presented by  a  series, 
computed  according  to 
the  laws  of  pneuma- 
tics, and  which,  if  the 
initial  pressure  be  re- 
presented by  I,  will  give 
a  pressure  of  '5 


I  jacket,  N  the  cylinder 
cylinder  bottom ;  let  the 


n  ihowina  law  of  i 


middle  of  the  stroke,  and  '15  at  the  end  of  it  If  this  series  be  set 
ofTon  the  horizontal  lines,  it  will  mark  out  a  hyperbolic  curve— the 
area  of  the  part  exterior  to  which  represents  the  total  efficacy  oC 
the  stroke,  and  the  interior  area,  therefore,  represents  the  diminu- 
tion in  the  power  of  a  stroke  when  the  steam  is  cut  off  at  one- 
fourth  of  the  descent.     If  the  squares  above  the  point  where  th« 
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steam  is  cut  afF  be  counted,  they  will  be  found  to  amount  lo 
and  if  those  beneath  that  point  be  counted  or  estimated,  they 
be  found  to  amount  lo  about  69.  These  s([uares  are  representai 
tive  of  the  power  exerted  ;  so  that,  while  an  amount  of  po\ 
represented  by  50  has  been  obtained  by  die  expend! 
quarter  of  a  cylinder  full  of  steam,  we  get  an  amount  of  power 
represented  by  69  without  any  expenditure  of  steam  at  all,  merely 
by  permitting  the  steam  first  used  to  oipand  into  four  times 
original  volume. 

Q.  Then,  by  working  an  engine  expansively,  the  power  of 
ateam  is  increased,  but  the  power  of  the  engine  is  diminished  ? 

A.  Yes.  The  efficacy  of  a  given  quantity  of  steam  is  more 
than  doubled  by  expanding  the  stean)  four  times,  while  the  efficacy 
of  each  stroke  is  made  nearly  one  half  less.  And,  therefore,  lo 
carry  out  ihc  expansive  principle  in  practice,  the  cj-hnder  requires 
lo  be  larger  than  usual,  or  the  piston  faster  than  usual,  in  the 
proportion  in  which  the  expansion  is  carried  out.  Everyone  who- 
is  acquainted  with  simple  arithmetic  can  compute  the  lenninal 
pressure  of  steam  in  a  cylinder  when  he  knows  the  initial  pressure 
and  the  point  at  which  the  steam  is  cut  ofi;  and  he  can  also  lind 
by  the  same  process  any  pressure  intermediate  between  the  first 
and  last.  By  setting  down  these  pressures  in  a  (able,  and  taking 
their  mean,  he  can  determine  the  effect,  with  tolerable  accuracy, 
of  any  particular  measure  of  expansion.  It  is  necessary  to  remark 
that  it  is  the  total  pressure  of  the  steam  that  he  must  take  ;  not  tlie 
pressure  above  the  atmosphere,  but  the  pressure  above  a  perfect 
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Q.  Can  you  give  any  nile  for  ascertaining  at  one  operation  the 
amount  of  benefit  derivable  from  expansion  ? 

A.  Divide  the  length  of  the  stroke  through  which  the  steam 
expands,  by  the  length  of  stroke  performed  with  full  pressure,  which 
last  call  I  ;  the  hyperbolic  logarithm  of  the  quotient  is  the  increase 
of  efficiency  due  to  expansion.  According  to  this  rule  it  will  be 
found,  that  if  a  given  quantity  of  steam,  the  power  of  which  work- 
ing at  full  pressure  is  represented  by  i,  he  admitted  into  a  cylinder 
of  such  a  siie  that  its  ingress  is  concluded  when  one-half  the  stralcc 
has  been  performed,  its  efficacy  will  be  raised  by  expansion  to  1*69; 
if  the  admission  of  the  steam  be  slopped  at  one-third  of  the  stroke, 
the  efficacy  will  be  110  ;  at  one-fourth  2-39  ;  at  one-fifth  a^i  :  at 
one-sixth  279 ;  at  one-se\enlh  1-95  ;  at  one-eighth  3-08.  The 
expansion,  however,  cannot  be  carried  beneficially  so  far  as  one- 
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eighth,  unless  the  pressure  of  the  steam  in  the  boiler  be  very  con- 
siderable, on  account  of  the  inconvenient  siic  of  cylinder  or  speed 
of  piston  which  would  require  to  be  adopted,  the  friction  of  the 
engine,  and  the  resistance  of  vapour  in  the  condenser,  which  all 
become  relatively  greater  with  a  smaller  urging  force. 

Q.  is  this  amount  of  benefit  actually  realised  in  practice  ? 

A.  Only  in  some  cases.  It  appears  to  be  indispensable  to  the 
realisation  of  any  large  amount  of  benefit  by  expansion,  that  the 
cylinder  should  be  enclosed  in  a  sieam  jacket,  or  should  in  some  other 
way  be  efiectually  protected  from  refrigeration.  In  some  engines 
not  so  protected,  it  has  been  found  experimentally  that  less  benefit 
was  obtained  from  the  fuel  by  working  expansively  ihnn  by  working 
without  expansion — the  ivhole  benetit  due  to  expansion  being  more 
than  counteracted  by  the  increased  refrigeration  due  to  ihe  larger  sur- 
&ce  of  the  cylinder  required  to  develop  the  power.  In  locomotive 
engines,  with  outside  cylinders,  this  condition  of  the  advantageous 
use  of  expansion  has  oeen  made  very  conspicuous,  as  has  also  been 
the  case  in  screw  steamers  with  four  c>'linders,  and  in  which  the 
refrigerating  surface  of  ihe  cylinders  was  consequently  large. 

Q.  The  steam  is  admitted  to  and  from  the  cylinder  by  meaiu 
of  a  slide  or  sluice  vatve? 

A.  Yes,  and  of  the  slide  valve 
there  are  many  varieties.  The  D 
va]\-e,  shown  in  fig.  34  — and  so 
called  from  its  resemblance  to  a  half 
cylinder  or  D  in  its  cross  section- 
is  now  little  used,  but  the  three- 
poned  valve,  shown  in  fig.  35,  is  still 
widely  employed.  This  valve  consists 
of  a  brass  or  iron  box  set  over  the  two 
ports  or  openings  into  the  cylinder, 
and  a  central  port  which  conducts 
away  the  steam  to  the  atmosphere 
or  condenser ;  but  the  length  of  the 
box  is  so  adjusted  that  it  can  only 
ojver  one  of  the  cylinder  ports  and  Lonrfr^*!".  Thn^-jJiJ^tXrt. 
the  central  or  eduction  port  at  the 

same  time.  The  effect,  therefore,  of  moving  the  lalve  up  and 
down,  as  is  done  by  the  eccentric,  is  to  establish  a  connection 
•alternately  between  each  cylinder  port  and  the  central  passage 
whereby  the  steam  escapes  ;  and  while  the  steam  is  escaping 
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from  bencalh  the  pblon,  the  position  of  the  valve  is  such  lb; 
a  free  comraunicaiion  exists  between  the  space  above  the  pisli 
and  the  sieam  in  the  boiler.  The  piston  is  thus  urged  altemaii 
up  and  down — the  valve  so  changing  its  position  before  Ihe  pisli 
arrives  at  ihe  end  of  the  stroke,  thai  the  pressure  is  by  that 
thrown  on  the  reverse  side  of  the  piston,  so  as  to  urge  it  into 
motion  in  the  opposite  direction, 

Q.  Is  the  motion  of  the  valve,  then,  the  reverse  of  that  of  the 

A.  No.  The  valve  does  not  move  down  when  the  piston  moves 
down,  nor  does  it  move  down  when  the  piston  moves  up ;  but  it 
moves  from  its  mid  position  to  the  exlremiiy  of  its  throw  and  back 
again  to  its  mid  position  while  the  piston  makes  an  upward  or 
downward  movement,  so  that  the  motion  is,  as  it  were,  at  right 
angles  to  the  motion  of  the  piston  ;  or  it  is  the  same  motion  that 
the  piston  of  another  engine,  the  crank  of  which  is  set  at  xs^iA 
angles  with  that  of  the  first  engine,  would  acquire. 

Q.  Then  in  a  steam  vessel  the  valve  of  one  engine  may  be 
worked  from  the  piston  of  the  other? 

A.  Yes,  it  may ;  or  it  may  be  worked  from  its  own  connecting 
rod  1  and,  in  the  case  of  locomotive  and  marine  engines,  ihis  is 
sometimes  done. 

LAP  AND   LEAD. 

Q.  What  is  meant  by  the  lead  of  the  valve  ? 

A.  The  amoimt  of  opening  which  the  %alve  presents  for  the 
admission  of  the  steam,  when  the  piston  is  just  beginning  its  stroke. 
It  is  found  expedient  that  the  valve  should  hai'C  opened  a  little  ro 
admit  steam  on  ihe  reverse  side  of  the  piston  before  the  stroke  Icr- 
minaies ;  and  the  amount  of  this  opening,  which  is  given  by  turn- 
ing the  eccentric  more  or  less  round  upon  the  shaft  is  what  is  tcmied  ■ 
the  lead. 

Q.  And  what  is  meant  by  ihc  lap  of  the  valve  ? 

A.  It  is  an  elongation  of  the  valve  face  to  a  certain  extent  over 
the  port,  whereby  the  port  is  closed  sooner  than  would  olherwise 
be  the  case.  This  extension  is  chiefly  effected  at  thai  part  of  the 
valve  where  the  steam  is  admitted,  or  upon  the  steam  liHt  of  the 
valve,  as  the  technical  phrase  is  ;  and  the  intent  of  the  extension 
is  to  close  the  steam  passage  before  ihe  end  of  the  stroke,  whereby 
the  enpne  is  made  to  operate  to  a  certain  extent  expansively.  In 
some  cases,  however,  there  is  also  a  certain  amount  of  lap  given  to 
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the  escape  or  eduction  side,  to  prevent  the  eduction  from  beinjjr 
performed  too  soon  when  the  lead  is  great ;  but  in  all  cases  there 
is  far  less  lap  on  the  eduction  than  on  the  steam  side,  very  often 
there  is  none,  and  sometimes  less  than  none,  so  that  the  valve  is 
incapable  of  covering  both  the  ports  at  once. 

Q.  What  is  the  usual  proportional  length  of  stroke  of  the 
valve  ? 

A.  A  common  stroke  of  the  valve  in  rotative  engines  is  twice 
the  breadth  or  depth  of  the  port,  and  the  length  of  the  valve  face 
will  then  be  just  the  breadth  of  the  port  when  there  is  lap  on  neither 
the  steam  nor  eduction  side.  Whatever  lap  is  given,  therefore,  makes 
the  valve  £ace  just  so  much  longer.  In  some  engines,  however, 
the  stroke  of  the  valve  is  a  good  deal  more  than  twice  the  breadth 
of  the  port ;  and  it  is  to  the  stroke  of  the  valve  that  the  amount  of 
lap  should  properly  be  referred. 

Q.  Can  you  tell  what  amount  of  lap  will  rccomplish  any  given 
amount  of  expansion  ? 

A.  Yes,  when  the  stroke  of  the  valve  is  known.  From  the 
length  of  the  stroke  of  the  piston  subtract  that  part  of  the  stroke 
which  is  intended  to  be  accomplished  before  the  steam  is  cut  off ; 
divide  the  remainder  by  the  length  of  the  stroke  of  the  piston,  and 
extract  the  square  root  of  the  quotient,  which  multiply  by  half  the 
stroke  of  the  valve,  and  from  the  product  take  half  the  lead  ;  the 
remainder  will  be  the  lap  required. 

Q.  Can  you  state  how  we  may  discover  at  what  point  of  the 
stroke  the  eduction  passage  will  be  closed  ? 

A.  To  find  how  much  before  the  end  of  the  stroke  the  eduction 
passage  will  be  closed  : — to  the  lap  on  the  steam  side  add  the  lead, 
and  divide  the  sum  by  half  the  stroke  of  the  valve ;  find  the  arc  whose 
sine  is  equal  to  the  quotient,  and  add  90''  to  it  ;  divide  the  lap  on 
the  eduction  side  by  half  the  stroke  of  the  valve,  and  find  the  arc 
whose  cosine  is  equal  to  the  quotient ;  subtract  this  arc  from  the 
one  last  obtained,  and  find  the  cosine  of  the  remainder  ;  subtract 
this  cosine  from  2,  and  multiply  the  remainder  by  half  the  stroke 
of  the  piston ;  the  product  is  the  distance  of  the  piston  from  the 
end  of  the  stroke  when  the  eduction  passage  is  closed. 

Q.  Can  you  explain  how  we  may  determine  the  distance  of  the 
piston  from  the  end  of  the  stroke,  before  the  steam  urging  it  onward 
is  allowed  to  escape  } 

A,  To  find  how  far  the  piston  is  from  the  end  of  its  stroke  when 
the  steam  that  is  propelling  it  by  expansion  is  allowed  to  escape  to 
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the  atmosphere  or  condenser  : — to  the  lap  on  the  steam  side  add 
the  lead  ;  divide  the  sum  by  half  the  stroke  of  the  valve,  and  find 
the  arc  whose  sine  is  equal  to  the  quotient ;  find  the  arc  whose 
sine  is  equal  to  the  lap  on  the  eduction  side,  divided  by  half  the 
stroke  of  the  valve  ;  add  these  two  arcs  together  and  subtract  90° ; 
find  the  cosine  of  the  residue,  subtract  it  from  i,  and  multiply  the 
remainder  by  half  the  stroke  of  the  piston  ;  the  product  is  the  dis- 
tance of  the  piston  from  the  end  of  its  stroke  when  the  steam  that  is 
propelling  it  is  allowed  to  escape  into  the  atmosphere  or  condenser. 
In  using  these  rules,  all  the  dimensions  are  to  be  taken  in  inches, 
and  the  answers  will  be  found  in  inches  also. 

IMPORTANCE  OF  LEAD. 

Q,  Is  it  a  benefit  or  a  detriment  to  open  the  eduction  passage 
before  the  end  of  the  stroke  1 

A.  In  engines  working  at  a  high  rate  of  speed,  such  as  locomo- 
tive engines,  it  is  very  important  to  open  the  exhaust  passage  for  the 
escape  of  the  steam  before  the  end  of  the  stroke,  as  an  injurious 
amount  of  back  pressure  is  thus  prevented.  In  the  earlier  locomo- 
tives a  great  loss  of  effect  was  produced  from  inattention  to  this 
condition  ;  and  when  lap  was  applied  to  the  valves  to  enable  the 
steam  to  be  worked  expansively,  it  was  found  that  a  still  greater 
benefit  was  collaterally  obtained  by  the  earlier  escape  of  the  steam 
from  the  eduction  passages,  and  which  was  incidental  to  the  appli- 
cation of  lap  to  the  valves.  The  average  consumption  of  coke  per 
mile  was  reduced  by  Mr.  Woods  from  40  lbs.  per  mile  to  15  lbs. 
per  mile,  chiefly  by  giving  a  free  outlet  to  the  escaping  steam. 

WIRE-DRAWING. 

Q.  To  what  extent  can  expansion  be  carried  beneficially  by 
means  of  lap  upon  the  valve  1 

A.  To  about  one-third  or  one-half  of  the  stroke ;  that  is,  the 
valve  may  be  made  with  so  much  lap,  that  the  steam  will  be  cut 
off  when  two-thirds  or  one-half  of  the  stroke  has  been  performed, 
leaving  the  residue  to  be  accomplished  by  the  agency  of  the  expand- 
ing steam ;  but  if  a  much  further  amount  of  expansion  than  this 
is  wanted,  it  may  be  accomplished  by  wire-drawing  the  steam,  or 
by  so  contracting  the  steam  passage  that  the  pressure  within  the 
cylinder  must  decline  when  the  speed  of  the  piston  is  accelerated, 
as  it  is  near  the  middle  of  the  stroke. 
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Q.  Will  you  explain  how  this  result  ensues  ? 

A,  If  the  valve  be  so  made  as  to  shut  off  the  steam  by  the  time 
one-half  of  the  stroke  has  been  performed,  and  the  steam  be  at  the 
same  time  throttled  in  the  steam  pipe,  the  full  pressure  of  the  steam 
within  the  cylinder  cannot  be  maintained  except  near  the  beginning 
of  the  stroke,  where  the  piston  travels  slowly ;  for,  as  the  speed  of 
the  piston  increases,  the  pressure  necessarily  subsides,  until  the  pis- 
ton approaches  the  other  end  of  the  cylinder,  where  the  pressure 
would  rise  again  but  that  the  operation  of  the  lap  on  the  valve  by 
this  time  has  had  the  effect  of  closing  the  communication  between 
the  cylinder  and  steam  pipe,  so  as  to  prevent  more  steam  from 
entering.  By  throttling  the  steam,  therefore,  in  the  manner  here  in- 
dicated, the  amount  of  expansion  due  to  the  lap  may  be  increased 
to  any  desired  extent 

EXPANSION   VALVES. 

Q.  Is  this  the  usual  way  of  cutting  off  the  steam  } 

A.  No  ;  the  usual  manner  of  cutting  off  the  steam  is  by  means 
of  a  separate  valve,  termed  an  expansion  valve  ;  but  such  a  device 
appears  to  be  hardly  necessary  in  ordinary  engines,  especially  if 
fitted  with  the  link  motion,  by  which  a  very  efficient  expansive 
action  of  the  steam  is  obtainable  by  shortening  the  throw  of  the 
valve,  which  virtually  increases  the  lap.  In  the  Cornish  engines^ 
where  the  steam  is  cut  off  in  some  cases 
at  one-twelfth  of  the  stroke,  a  separate 
valve  for  the  admission  of  steam,  other 
than  that  which  permits  its  escape, 
is  adopted ;  but  in  common  rotative 
engines  a  separate  expansion  valve 
does  not  appear  to  be  required. 

Q*  Will  you  explain  the  configu- 
ration of  expansion  apparatus  of  the 
usual  construction  .^ 

A,  The  structure  of  expansion  ap- 
paratus is  very  various ;  but  all  the 
kinds  operate  either  on  the  principle 
of  giving  such  a  motion  to  the  slide 
valve  as  will  enable  it  to  cut  off  the 
steam  at  the  desired  point,  or  on  the 
principle  of  shutting  off  the  steam  by  a  separate  valve  in  the 
steam  pipe  or  valve  casing.    The  first  class  of  apparatus  has  not 
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been  found  so  manageable,  and  is  not  in  extensive  use,  except 
in  that  form  known  as  the  link  motion.  A  kind  of  expansion 
valve,  often  employed  in  marine  engines  of  low  speed,  is  the 
kind  used  in  the  Cornish  engines,  and  known  as  the  equilibrium 
valve.  This  valve  is  represented  in  fig.  36.  It  consists  subsian- 
tiallyofan  annulus  or  bulging  cylinder  of  brass,  with  a  steam-light 
face  both  at  its  upper  and  lower  edges,  at  which  point  it  fits  accu- 
rately upon  a  stationary  seat.  This  annulus  may  be  raised  or 
lowered  witUoul  beinj;  resisted  by  ihe  pressure  of  the  steam,  and 
in  rotative  engines  it  is  usually  worked  by  a  cam  or  projection  on 
the  shaft. 


Q.  What 


LINK   MOTION. 

mgement  for  varying  the  adi 
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!  Stephen' 
^iven  to  the  steam  in  his  locomi 

,  Stephenson  connects  the  ends  of  ihe  forward  and  backward 
c  rods  by  a  link  having  a  curved  slot  in  which  a  pin  upon 
the  eod  of  the  valve  rod  works.     By  moving  this  link  so  as  to  bring 
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the  forward  eccentric  rod  in  the  same  line  with  the  valve  rotl,  ihe 
valve  receiies  the  motion  due  to  that  eccentric ;  whereas  if  the 
backward  eccentric  rod  is  brought  in  a  line  with  the  valve  rod,  the 
valve  gets  the  motion  proper  for  reversing,  and  if  the  link  be  so 
placed  that  the  valve  rod  is  midway  between  the  two  eccentric 
rods,  the  valve  will  remain  nearly  stationary.  This  arrangement, 
which  is  now  employed  extensively,  is  what  is  termed 'the  link 
motion."  It  is  represenied  in  the  annexed  figure  {fig.  37),  where  / 
is  the  valve  rod,  which  is  attached  by  a  pin  10  an  open  cuned 
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link  susceptible  of  being  moved  up  and  down  by  the  bell-crank 
lever  f'f\  supported  on  the  centre  g^  and  acting  on  the  hnksyj 
while  the  valve  rod  e  remains  in  the  same  horizontal  plane ;  dd' 
are  the  eccentric  rods,  and  the  link  is  represented  in  its  lowest 
position.  The  dotted  lines  k'  h"  show  the  position  of  the  eccentric 
rods  when  the  link  is  in  its  highest  position,  and  //'  when  in  mid 
position. 

Q.  WTiat  other  forms  of  apparatus  are  there  for  working  steam 
C3q)ansively  ? 

A.  They  are  too  numerous  for  description  here,  but  a  few  of 
them  may  be  enumerated.  Fenton  sought  to  accomplish  the 
desired  object  by  introducing  a  spiral  feather  on  the  crank  axle,  by 
moving  the  eccentric  laterally  against  which  the  eccentric  was 
partially  turned  round  so  as  to  cut  off  the  steam  at  a  different  part 
of  the  stroke.  Dodds  sought  to  attain  the  same  end  by  corre- 
sponding mechanical  arrangements.  Farcot,  Edwards,  and  Lava- 
grian  cut  off  the  steam  by  the  application  of  a  supplementary  valve 
at  the  back  of  the  ordinary  valve,  which  supplementary  valve  was 
moved  by  tappets  fixed  to  the  valve  casing.  Bodmer  in  1841,  and 
Meyer  in  1842,  employed  two  slides  or  blocks  fitted  over  apertures 
in  the  ordinary  slide  valve,  and  which  blocks  were  drawn  together 
or  set  apart  by  a  right  and  left  handed  screw  passing  through 
both.'  Hawthorn,  in  1843,  employed  as  an  expansion  valve  a 
species  of  frame  lying  on  the  ordinary  cylinder  face  upon  the  out- 
side of  the  valve,  and  working  up  against  the  steam  side  of  the 
valve  at  each  end  so  as  to  cut  off  the  steam.  In  the  same  year 
Gonzenbach  patented  an  arrangement  which  consisted  of  an  addi- 
tional slide  valve  and  valve  casing  placed  on  the  back  of  the 
ordinary  slide  valve  casing,  and  through  this  supplementary  valve 
the  steam  had  first  to  pass.      Modem  marine  engines  are  often 

*  In  1838  I  patented  an  arrangement  of  expansion  valve,  consisting  of  two 

movaUe  plates  set  upon  the  ordinary  slide  valve,  and  which  might  be  drawn 

tog^ber  or  asunder  by  means  of  a  right  and  left  handed  screw  passing  through 

both  plates.    The  valve  spindle  was  hollow,  and  a  prolong.ition  of  the  screw 

passed  up  through  it,  and  was  armed  on   the  top  with  a  small  wheel,  by 

means  tsi  which  the  plates  might  be  adjusted  while  the  engine  was  at  work. 

In  1859  I  fitted  ao  expansion  \'alve  in  a  steam  vessel,  consisting  of  two  plates, 

connected  by  a  rod.  and  moved  by  tappets  up  against  the  steam  edges  of  the 

valve.    In  another  steam  vessel  I  fitted  the  same  species  of  valve,  but  the 

motion  was  not  derived  from  tappets,  but  from  a  moving  part  of  the  engine. 

though  at  the  moderate  speed  at  which  these  engines  worked  I  found  tappets 

to  operate  well  and  make  little  noise.— J.  B. 
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iitted  with  gridiron  expansion  valves,  formed  with  a  movable  per- 
forated plate  working  on  a  fixed  perforated  plate  in  the  steam  pipe, 
and  the  travel  is  only  the  length  of  one  of  the  perforations  which, 
though  small,  will  nevertheless  from  their  number  afford  the 
required  area  for  the  passage  of  the  steam. 

Q,  Are  expansion  valves  usual  in  modem  locomotives  ? 

A,  No ;  and  their  use  would  be  attended  with  some  obvious 
inconveniences,  one  of  which  is  that  the  expansion  valves  would 
have  to  be  thrown  out  of  action  before  the  engines  could  be 
reversed,  and  the  facility  of  handling  would  thus  be  impaired. 
If  the  steam  were  cut  off  much  sooner  than  about  Jrd  of  the  stroke, 
then  one  engine  would  cease  to  get  steam  before  the  other  began 
to  get  any,  and  the  engines  could  neither  be  started  nor  reversed 
with  facility,  unless  the  expansive  apparatus  were  previously  de- 
tached. Upon  the  whole,  it  appears  to  be  the  best  course  to 
employ  as  much  lap  as  can  be  introduced  without  impairing  the 
tractability  of  the  engine,  and  then  to  accomplish  any  further 
measure  of  expansion  that  may  be  desired  by  throttling  the  steam. 

^.  Will  the  amount  of  expansive  action  be  increased  by 
diminishing  the  stroke  of  the  valve  ? 

A,  \X  will,  and  this  can  easily  be  eflfected  by  altering  the  notch 
in  which  the  starting  lever  of  the  link  motion  is  held.  To  diminish 
the  stroke  of  the  valve  is  tantamount  to  increasing  its  lap,  and  this 
increases  the  amount  of  expansive  action  by  shutting  off  the  steam 
at  an  earlier  part  of  the  stroke.  Throttling  or  wire-drawing  the 
steam  has  much  the  same  operation  as  with  a  contracted  inlet,  the 
steam  can  only  keep  up  its  pressure  on  the  piston  at  the  beginning 
of  the  stroke  when  the  piston  travels  slowly,  and  as  its  speed 
accelerates  towards  mid-stroke  the  pressure  falls. 


79 


CHAPTER   I. 
HISTORICAL   ACCOUNT  OF  THE  STEAM  ENGINE. 

EARLY  PROJECTS   FOR  RAISING  WATER   RY  STEAM. 

Q.  Who  was  the  inventor  of  the  steam  engine,  or  what  has  been 
its  history  ? 

A.  The  steam  engine  had  no  individual  inventor  any  more  than 
the  ship,  or  the  loom,  or  the  railway,  but  it  has  gradually  grown  up 
from  small  beginnings  by  the  contributions  of  different  persons — of 
whom  by  far  the  most  important  was  James  Watt— during  the  last 
century.  Since  his  time  very  little  real  improvement  has  taken 
place  in  the  steam  engine,  except  in  the  introduction  of  better 
materials  and  workmanship,  higher  pressure  and  higher  speed. 

Q.  Was  any  form  of  the  steam  engine  known  to  the  ancients  .^ 

A.  The  ancients  had  very  vague  ideas  as  to  the  nature  of  steam. 
They  believed  in  the  existence  of  four  elements — fire,  air,  earth,  and 
water,  and  thought  that  water  was  turned  into  air  by  heat.  It  is 
consequently  often  difficult  to  understand  in  the  description  of 
ancient  pneumatic  contrivances  whether  air  or  steam  was  the  agent 
employed,  and  we  have,  indeed,  generally  to  form  our  conclusion  on 
this  head  from  the  nature  of  the  arrangement.  It  appears  clear, 
however,  from  the  accounts  of  ancient  inventions  which  have 
descended  to  us,  that  both  steam  and  air  expanded  by  heat  were 
used  as  motive  powers,  and  some  of  the  combinations  for  this  pur- 
pose were  of  considerable  elegance.  But  they  were  all  on  a  petty 
scale,  more  of  the  nature  of  toys  than  of  useful  apparatus,  and  were 
not  employed  for  any  purpose  of  public  utility.  One  of  these  con- 
trivances was  the  iClopile,  a  hollow  metal  ball  suspended  by  a  wire 
or  spindle,  and  with  a  lamp  or  charcoal  fire  placed  beneath,  so  as  to 
cause  water  introduced  into  the  ball  to  boil.  The  steam  was  made 
to  issue  through  a  small  pipe  on  each  side  of  the  ball,  and  these 
tubes  were  bent  longitudinally  at  their  extremities  in  opposite 


8o 


Early  Projects  fur  Raising  Water. 


caused  the  ball  lo  r 
for  forcing  waier  up  a  pipe  by  the 


id^' 


n  useful  work 


directions.  The 
There  were  also 
pressure  of  steam 

Q,  What  is  the  first  known  example  of  the  appli 
to  accomplish  practical  work  of  public  importance  ? 

A.  The  first  knovni  application  of  steam  to  perfo 
was  made  by  the  Marquis  of  Worcester,  who  set  up  an  engine  at 
Vauxhall  for  raising  water.  This  engine  was  inspected  by  Cosmo 
de  Medici  in  1653,  who  states  that  it  was  accounted  more  useful  lo 
the  public  than  another  machine  near  Somerset  House,  which  last 
was  worked  by  horses. 

Q.  Were  the  ideas  of  the  Marquis  of  Worcester  carried  out  to 
any  considerable  extent  in  practice  ? 

A.  Yes,  by  Captain  Tlinmas  Savcry,  whose  engine  is  shown  in 
fig.  38.  A  A  are  the  furnaces  which  contain  the  boilers  ;  b  I ,  B  3, 
the  two  fireplaces ;  c  the  funnel,  or  chimney,  which  is  common  to 
both  furnaces.  In  these  two  furnaces  are  placed  two  vessels  of 
copper,  which  he  called  boilers,  the  one  large,  as  I.,  the  other  small, 
as  D  :  D  the  small  boiler  contained  in  the  furnace  which  is  heated 
by  the  fire  at  B  a  ;  E  the  pipe  and  cock  to  admit  cold  water  into  ihe 
small  boiler  to  fill  it ;  f  the  screw  that  covers  and  confines  the 
cock  E  to  the  lop  of  the  small  boiler  ;  ci  a  small  gauge  cock  at  the 
top  of  a  pipe,  going  within  eight  inches  of  the  bottom  of  the  small 
boiler  ;  H  a  larger  pipe,  which  goes  the  same  depth  into  the  small 
boiler ;  I  a  clack  or  valve  at  the  top  of  the  pipe  H  (opening  up- 
wards) ;  K  a  pipe  going  from  the  box  above  the  said  clack  or 
valve  in  the  great  boiler,  and  passing  about  an  inch  into  ii ;  L  L 
the  great  boiler  contained  in  the  other  furnace,  which  is  healed  by 
the  fire  at  b  i ;  H  the  screw  with  the  regulator,  which  is  moved  bj- 
the  handle  Z,  and  opens  or  shuts  the  apertures  at  which  the  sieani 
passes  out  of  the  great  boiler  into  the  steam  pipes  O  O  ;  N  a  small 
gauge  cock  at  the  top  of  a  pipe  which  goes  half-way  down  into  the 
great  boiler ;  o  1,  O  3,  steam  pipes,  one  end  of  each  screwed  to  the 
regulator,  the  other  ends  to  the  receivers  F  P,  lo  convey  the  steam 
rom  the  great  boiler  into  those  receivers  ;  p  1,  P  i,  copper  vessels 
called  receivers,  which  are  to  receive  the  water  which  is  to  be 
raised  ;  Q  screw  joints,  by  which  the  branches  of  the  water-pipe^ 
ate  connected  with  the  lower  parts  of  the  receivers  ;  R  1, 2,  3,  and  j' 
valves  or  clacks  of  brass  in  the  waler-pipes,  two  above  Ihe  brjnchr  ■ 
Q,  and  two  below  them;  they  allow  the  water  10  pass  upwarJ^ 
through  the  pipes,  but  prevent  its  descent.     There  are  screw  plugs 
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lo  lake  out  on  occasion,  to  gel  at  the  valves  R.  s  is  the  forcioj 
pipe  which  conveys  the  water  upwards  to  its  place  of  delivi 
when  it  is  forced  out  from  the  receivers  b)'  tlie  impellent  steam  ; 
the  sucking  pipe,  which  conveys  the  water  up  from  the  boltom  D 
the  pit,  lo  til!  the  receivers  by  suction  ;  v  a  box,  wiih  holes  per- ' 
forated  in  it,  to  enclose  the  lower  end  of  the  sucking-pipe,  lo  keep 
auay  dirt  and  obstructions  ;  X  a  cistern  with  a  buoy-cock  coming 
from  the  force-pipe,  so  that  it  shall  always  be  kept  filled  with  cold 
water ;  Y  a  cock  and  pipe  coming  from  the  bottom  of  the  si  ~ 
cistern,  with  a  spout  to  let  the  cold  water  nin  down  on  the  ouiai 
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of  either  of  the  receivers  P  P  ;  z  the  handle  of  the  regulator,  1 

e  it  by,  either  open  or  shut,  so  as  to  lei  the  Steam  out  of  ill 

great  boiler  into  either  of  the  receivers. 

In  1643  Torricelli  discovered  the  pressure  of  the  atmosphere 
and  about  1650  Otto  Guericke,  of  Magdeburg,  without  knowin 
what  TorriceUi  had  done,  excited  much  popular  asionishmen 
by  creating  a  vacuum  within  two  brass  hemispheres,  such  as 
are  shown  in  figs.  39  and  40,  when  it  was  found  that  they  could 
not  be  pulled  asunder,  although  several  horses  of  the  Emperor, 
Charles  V,,  were  yoked  to  the  opposite  ends.    The  vacuum  « 
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produced  by  means  of  a  small  pump,  by  which  the  air  was  pumped 
out,  and  the  experiment  was  modified  in  many  ways  to  show  (he 
great  pressure  the  atmosphere  exened.  One  form  of  apparatus 
employed  was  a  cylinder, 
A,  with  an  airtight  piston 
moving  within  it,  and  by 
withdrawing    the    air    from 

beneath    the    piston    while 

the  atmosphere   pressed  on 

iis  upper  surface,  the  piston 

descended,    drawing    down 

the  rope  which  passes  over 

the  pulleys  B  and  c  and  lifting 

the  weights  deposited  in  the 

scale  D  ffig.  41). 
Q.  Was  not  this  n 

the  nature  of  a  philosophical 

eiperiment  than  of  a  useful 

A.  No  doubt  ; 
gave  the  idea  of  employing 
a  piston  and  cylinder  with 
a  vacuum  beneath  the  pision  as  an  expedient  for  raising  heavy 
■eights,  and  it  only  remained  to  find  an  easy  way  of  producing 
the  vacuum  to  turn  a  philosophical  toy  into  a  useful  engine. 
In  Saverj^'s  engine  the  vacuum  was  produced  by  the  condensa- 
tion of  steam  ;  but,  in  that  engine,  steam  of  a  very  high  pressure 
had  to  be  used,  to  overcome  the  gra^'ity  of  the  column  of  water 
in  deep  mines,  and  in  those  days  of  mechanical  inexperience  it 
was  difficult  to  construct  boilers  strong  enough  to  be  at  once 
safe  and  effective.  About  1710  it  was  f>erccived  by  Thomas  New- 
comen,  of  Dartmouth,  that,  by  using  Oito  Guericke's  cylinder  and 
piston,  and  by  producing  a  vacuum  by  the  condensation  of  steam, 
he  could  raise  water  from  any  desired  depth,  not  by  a  very  high 
pressure  of  steam,  but  by  a  large  area  of  piston.  He  therefore 
applied  a  cylinder  and  piston  at  one  end  of  a  beam  like  that  of  a 
pair  of  scales,  to  work  a  pump  at  the  other  end,  and  the  general 
oadine  of  this  arrangement  is  retained  to  the  present  day  in  pump- 
ing engines. 

Q,  How  was  the  condensation  of  the  steam  etTected  in  New- 
comen's  original  engine  ^ 


r«.  ^,.-\. 


>un.  Cylind 


84 


Sitieaton's  Otase-  Water  Engine. 


% 


A.  By  applying  a  water  casing  to  the  outside  of  the  cylindi 
which  eaoled  the  cylinder,  and  gradually  condensed  the 
within  it.  But  having  foxrad,  when  working  the  engine  c 
plan,  that  from  some  cause  it  began  after  a  tirae  to  work  mtuA 
faster  than  at  first,  they  proceeded  to  investigate  the  cause,  and 
found  that  a  hole  had  been  accidentally  made  in  the  cylind< 
which  allowed  a  jei  of  water  to  enter  within  it ;  and,  acting 
hint,  they  thereupon  fitted  the  cylinder  with  an  internal  jet  of 
water.  At  first  the  valves  were  worked  by  hand.  But  a  lad,  ■ 
had  been  set  to  work  an  engine,  found  that  by  connecting 
handles  of  the  valves  to  the  beam  of  the  engine  by  strings 
engine  would  work  them  more  regularly  than  he  could  do,  and 
that  he  would  be  thus  dispensed  from  the  necessity  of  such  con- 
tinuous attention.  All  the  known  improvements  up  to  that  time 
were  combined  in  Smeaton's  Chase-Water  engine,  erected  in  177;, 
a  representation  of  which  is  given  in  fig.  43.  The  cylinder  of  the 
Chase- Water  engine  was  72  inches  in  diameter ;  length  of  stroke 
9  feet ;  number  of  strokes  per  minute  9-81  feet  of  effective  motion, 
and  load  upon  the  piston  7  j  lbs.  This  gives  a  power  of  about  7^j 
horses,  for  73'  *.  7854  «  81  x  71-^33,000  -  75,J  HP.  The  confij 
tion  of  these  engines  will  be  seen  at  once  by  a  reference  10  fig. 
where  A  B  is  the  cylinder,  c  the  piston  made  of  iron 
on  the  bottom  with  elm  planking,  secured  with  screw-bolts  to  the 
piston.  Between  this  planking  and  the  iron  of  the  piston,  tarred 
flannel  is  interposed  to  retard  the  transmission  of  heat,  and  thereby 
rentier  the  condensation  within  the  cj'linder  less  serious.  D  is  the 
great  lever,  27  feet  4  inches  long,  consisting  of  twenty  pieces  of  fir, 
the  four  nearest  the  middle  being  12  inches  square,  and  the  other 
sixteen  being  6  inches  by  12  inches.  Tliese  pieces  of  timber  arc 
(irevented  from  rubbing  upon  one  another  by  means  of  oak  keys, 
driven  into  mortices  prepared  for  their  reception,  and  are  bolted 
together  by  31  long  iron  bolts,  t  inch  in  diameter,  passing  through 
the  whole  depth  of  the  lever.  The  axis  of  the  lever,  where  it 
passes  through  the  wood,  is  30  inches  wide  by  5  inches  thick.  The 
bearings  are  8^  inches  in  diameter,  resting  in  brass  bushes;,  lei 
into  blocks  of  wood  built  into  the  lever  wall.  Breadth  between 
bearings  3^  feet ;  breadth  of  beam  i  feet ;  depth  of  beam  at  centre 
74  inches ;  depth  at  extremities  60  inches.  E  is  the  lever  wall ; 
F  F  the  beams  which  support  the  cylinder,  or  rather  which  keep  it 
down,  and  which  are  retained  in  their  places  by  the  walls  of  the 
house ;  C  is  the  boiler,  h  the  furnace,  I  the  steam  pipe,  J  tim 
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injection  pipe,  terminating  in  a  wooden  jet-piece  jammed  between 
the  steam  pipe  and  the  side  of  the  rylinder,  the  use  of  wood  in  this 
Mtualion  being  to  diminish  the  condensation  by  a  non-conducting 
substance,     k  is  the  cistern  for  holding  the  injection  water,  and 


Fig.  IS.— Oiuc-Wnlcr  En(Ine,  vftl- 

which  is  placed  in  an  elevated  situation  to  cause  the  more  perfect 
dispersion  of  the  injection  water  by  the  force  with  which  it  enters 
the  cylinder,  l  is  a  pump  for  raising  the  injection  water  into  the 
cisiem.  M  is  the  eduction  pipe,  terminating  in  the  hot  well,  and 
fitted  with  a  valve  at  its  inferior  extremity,  to  prevent  the  regurgi- 
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tation  of  the  water  ;  n  pump  rod  of  the  pump  of  the  mine  ;  O  a 
band  or  strap  extending  to  the  cataract,  shown  in  more  detail 
in  fig,  44  ;  P  P  the  plug  rod,  by  which  the  valve  gearing  is 
wrought  by  means  of  projecting  plugs  or  lappets.  The  steam  pipe 
is  13  inches  in  dia- 
meter, the  educ- 
tion pipe  8  inches  ; 
and  the  two  short 
necks  for  the  in- 
n  cock  and 
snifting  valve  6 
inches  diameter. 
These  are  all  cast 
the  same  piece 
with  the  hemisphe- 
rical bottom.  The 
sniftmg  valve,  for 
the  expulsion  of 
the  air  and  witcr 
b)  the  steam  at 
each  stroke,  con 
sistsof  ashort  plug 
of  boxwood  dnven 
tight  into  Its  seat 
fitted  with  a  circu 
lar  flap  valve  ap 
plied  lo  the  end 
of  the  plug  Over 
this  a  conical  pipe 
IS  fi\ed  with  a  cock 
at  Its  extremity  so 
as  to  regulate  the 
amount  of  the  snift 
at  pleasure.  The 
upright  feed  pipe,  Q,  is  designed  to  answer  the  double  purpose  of  a 
tower  gauge  cock  and  a  safety  pipe. 

Q.  What  kind  of  boilers  did  Smeaton  use? 

A.  Some  of  them  were  formed  of  wrought  iron  plates  riveted 
together,  and  others  of  them  were  made  of  cast  iron  plates  joined 
together  by  flanges.  An  example  of  a  cast  iron  boiler  of  this  kind 
it  given  in  fig.  43,  where  a  is  the  ashpit,  b  the  furnace,  CC  the 
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steam  space,  dd  the  flues,  cc  the  tier  of  plates  set  in  brickworlc, 
and  b  b^  dd  the  tiers  exposed  to  the  heat  of  the  flues. 

Q,  How  was  the  speed  of  these  engines  regulated  ? 

A.  The  movement  of?  the  engine,  when  the  quantity  of  work  to 
be  done  was  irregular,  was  commonly  regulated  by  a  contrivance 
called  the  cataract,  or,  as  it  was  termed  by  the  miners,  the  Jack- 
in-the-box.    This  apparatus  consists  merely  of  a  small  cock  z 
(fig.  44),  through  which  a  drip  of  water  is  suffered  to  pass  into  the 
vessel,  Y,  situated  within  the  box,  z,  and  so  poised  upon  a  centre, 
in  connection  with  the  lever,  u,  that 
U  will  preponderate  when  Y  is  empty, 
but  not  when  it  is  full.    When  Y  be- 
comes full,  it  will  tilt  over  in  the  direc- 
tion  indicated    by  the  dotted   lines, 
raising  the  catch  18  by  the  chain  22, 
and  by  this  act  will  empty  itself  of 
the  water,  and  resume  its  original  posi- 
tion.    The  water  flows   away  out  of 
the  box,  z,  which  is  lined  with  lead, 
after  having  performed  its  function  in 
raising    the   catch ;    and   the    catch, 
when  raised,  releases  a  weight,  which 
opens    the    injection   valve,  and   the 
engine  makes  a  stroke.    The  number 
of   reciprocations,    therefore,    of  the 
cataract  determines    the    number  of 
strokes  made  by  the  engine,  so  that 
the  speed  of  the  engine  is  thus  regu- 
lated by  the  degree  of  opening  given  to  the  cock  j,  and  which  is 
determined  by  the  quantity  of  water  to  be  drawn.    The  cataract  is 
not  a  contrivance  of  Smeaion's,  but  was  used  in  the  Cornish  engines 
before  his  time.    A  much  better  variety  than  that  here  figured  is 
now  employed,  which  will  be  described  in  its  proper  place. 


Fig.  44. --Cataract. 


WATT'S  IMPROVEMENTS   IN  THE  STEAM   ENGINE, 

Q.  What  was  the  nature  of  Watt's  great  improvement  in  the 
steam  engine  ? 

A.  His  first  great  improvement  was  condensing  the  steam  in  a 
separate  vessel,  which  he  called  the  condenser,  instead  of  in  the 
cylinder,  as  in  Newcomen's  engine  ;  and  by  this  simple  expedient 
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stroke.     Again,  when  b  and  c  are  opien,  and  a  and  d  ihul,  a  com- 
municaiion  is  established   between  each  side  of  the  respective 
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pistons  ;  and,  as  an  equilibrium  of  pressure  is  thus  produced,  the 
pistons  rise  by  viitne  of  the  preptonderance  of  the  pump  end  of  the 
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become  filled.  This  is  accomplished  by  relieving  Ihe  handles 
of  the  steam,  equilibrium,  and  eduction  valves  of  their  several 
catches,  when  the  valves  immediately  fall  open  by  the  gravilation 
of  weights  with  which  Ihey  are  connecied,  and  the  steam  linds  an 
access  to  the  whole  internal  part  of  the  engine.  At  first  it  is 
rapidly  condensed  by  coming  into  contact  with  the  cold  metal ;  but 
as  the  iron  becomes  hot  the  steam  flows  onward,  expelling  the  air 


before  it,  and  finally  issues  at  the  snifting  or  blow  valve,  situated 
on  Ifae  lower  part  of  either  the  air  pump  or  condenser.  The  valves 
must  now  be  shut,  and  a  vacuum  will  quickly  be  produced  within 
the  engine  by  the  condensation  of  the  steam.  The  blowing  through 
may  be  repeated  two  or  three  times  in  order  to  expel  the  air  effec- 
tully,  and  the  symptom  of  its  thorough  expulsion  is  the  sharp 
crackling  noise  made  by  the  steam  at  the  snifting  valve,  which  is 
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caused  by  tlic  rapid  condcnsaiion  of  ihc  steam  when  unmixed  with 
air  by  ihe  waier  sufTered  to  lie  in  ihe  snifting  valve  chest  to  keep 
the  valve  tight.  When  the  engine  has  been  thoroughly  cleared  of 
air  by  blowing  through,  the  steam  and  eduction  valves  are  opened 
at  the  same  time,  the  equilibrium  valve  remaining  shut,  and  the 
injection  cock  is  also  opened.  The  steam  then  pressing  upon  the 
superior  surface  of  the  piston,  while  there  is  a  vacuum  underneath 
it,  forces  the  piston  down.  The  plug  tree  in  its  descent  closes  the 
steam  and  eduction  valves,  and  opens  the  equilibrium  valve,  which 
establishes  an  equality  of  pressure  above  and  beneath  the  piston, 
and  the  piston  then  rises  in  consequence  of  tlie  pump  end  of  the 
beam  being  the  heaviest.  The  plug  tree  in  its  ascent  closes  the 
equilibrium  valve,  and  opens  the  steam  and  eduction  valves,  and 
Ihe  action  is  thus  perpetuated.  The  water  admitted  by  the  injec- 
tion cock  is  discharged  by  the  pump  p  into  the  hot  well  s,  from 
whence  a  sufficiency  of  water  is  drawn  by  the  small  pump  V,  lo 
replenish  the  boiler.  No  improvement  in  the  principle  of  the 
single-acting  or  pumping  engine  has  taken  place  since  its  parts 
were  arranged  by  Watt  in  the  manner  here  delineated.  The  great 
lever  indeed  is  now  made  of  iron  instead  of  wood,  parallel  motions, 
also  invented  by  Watt,  are  employed  instead  of  arch  heads  and 
chains,  and  some  improvements  have  been  Kiade  in  the  details  of 
the  valve  gearing  and  other  minutiie.  But  these  modifications, ' 
though  they  make  the  instrument  more  elegant  and  convenient, 
do  not  make  it  more  effectual ;  and  an  engine  made  after  Watt's 
primitive  type  would,  with  an  equally  effectual  boiler,  and  an  equal 
measure  of  clothing  and  expansion,  do  about  the  same  amount  of 
duly  as  the  best  of  the  modern  constnictions. 

Q.  What  was  the  purport  of  Watt's  second  patent  ? 

A.  Watt's  second  patent  for  improvements  on  the  steam  engine 
was  for  the  production  of  rotatory  motion.  It  was  taken  out  in 
1781,  and  is  stated  10  be  'for  certain  new  methods  of  applying  the 
vibratory  or  reciprocatory  motion  of 
duce  a  continued  rotative  or  citci 
ecnire,  and  thereby  to  give  motion 
machiaes.'  in  this  patent,  among  v 
circular  from  reciprocating  motion, 
as  sun  and  planet  wheels. 

Q.  What  is  the  nature  of  sun  and  planet  wheels  ? 

A.  A  toothed  wheel  is  fixed  on  the  aitis  of  the  fly  wheel  in  the 
position  in  which  the  crank  is  placed  in  modern  engines.     Anot' 


ir  fire  engines  to  pro- 

D  the  wheels  of  mills  or  other 
rious  other  ways  of  producing 
iccurs  the  contrivance  known 
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similar  wheel  is  fixed  on  the  end  of  the  connecting  rod,  and  the 
two  wheels  are  connected  by  a  link  which,  when  the  engine  is  set 
to  work,  compels  the  wheel  on  the  end  of  the  connecting  rod  to 
circulate  round  the  other  wheel,  putting  it  into  rotation  with  twice 
the  speed  that  a  crank  would  do. 

Q.  Is  such  a  contrivance  as  eligible  for  the  production  of 
circular  motion  as  a  crank  would  be  ? 

A,  No ;  but  at  the  time  the  application  was  made  Watt  was 
precluded  from  using  a  crank  as  he  had  originally  intended,  from 
another  person  having  forestalled  him  in  taking  out  a  patent  for  it, 
and  so  he  had  to  invent  this  alternative  contrivance,  which  was 
implied  to  many  engines  with  success. 

Q,  Will  you  give  an  example  of  such  application. 
A,  I  will  select  for  this  purpose  one  of  the  engines  of  the 
Albion  Mills,  where  it  was  6rst  applied,  and  of  which  a  representa- 
tion is  given  in  fig.  47.  The  steam  pipe  conveys  steam  from  the 
boiler  to  the  cross  pipe,  or  upper  steam-nozzle  G,  and  by  the  per- 
pendicular steam  pipe  to  the  lower  steam-nozzle.  In  the  nozzle 
G  is  a  valve,  which,  when  open,  admits  steam  into  the  cylinder 
above  the  piston  through  the  horizontal  square  pipe  at  its  top ; 
and  in  the  lower  steam  nozzle  there  is  another  valve,  which,  when 
open,  admits  steam  into  the  cylin^^er  below  the  piston.  In  the  up- 
per exhaustion  nozzle  is  a  valve,  which,  when  open,  admits  steam 
to  pass  from  the  cylinder  above  the  piston  into  the  exhaustion 
pipe  J,  which  conveys  it  to  the  condensing  vessel  M,  where  it 
meets  the  jet  of  the  injection  from  the  cock  N,  and  is  reduced  to 
water ;  and,  in  the  lower  exhaustion  nozzle,  there  is  also  a  valve, 
which,  when  open,  admits  steam  to  pass  out  of  the  cylinder  below 
the  piston,  by  the  eduction  pipe,  into  the  condenser  M. 

The  piston  being  at  the  top  of  its  stroke,  the  valves  G  and  L 
are  to  be  opened,  and  the  fly-wheel  m  turned  by  hand  about  one- 
eighth  of  a  revolution,  or  more,  in  the  direction  in  which  it  is  in- 
tended to  move  ;  the  steam  which  is  then  in  the  cylinder  will  pass 
by  L  into  the  condenser,  when,  meeting  the  jet  of  water  from  the 
injection-cock,  it  will  be  converted  into  water ;  and  the  cylinder 
thus  becoming  exhausted,  the  steam,  entering  the  cylinder  by  the 
valve  G,  will  press  upon  the  piston  and  cause  it  to  descend,  while, 
by  its  action  upon  the  working  beam  through  the  piston  rod,  &c., 
it  pulls  down  the  cylinder  end  of  the  beam,  and  raises  up  the  other 
end  and  the  connecting  rod  A,  which  causes  the  planet  wheel,  /,  to 
tend  to  revolve  round  the  sun  wheel  y;  but  the  former  of  these 
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wheels,  being  fixed  upon  the  connecting  rod  so  ihai  ii  caonoi  lurn 
upon  its  orni  axis,  and  its  lecih  being  engaged  in  those  of  the  sun 
wheel,  the  latter,  and  the  Ry'»'heel  upon  whose  axle  or  shaft  il  is 
filled,  arc  made  lo  revolve  in  the  desired  diiection,  and  give  motion 
to  the  mill-work. 

As  the  piston  descends,  the  plug  tree,  z,  also  descends,  and  a 
clamp  or  slider,  q,  fixed  upon  the  side  of  (he  plug  tree,  presses 


upon  the  handle,  I,  of  the  upper  V-shafi  or  axis,  and  thereby  shuts^ 
the  valves  G  and  l  ;  and  the  same  operation,  by  disengaging  a 
detent,  pennits  a  weight  suspended  to  the  arm  of  the  lower  v-shaft 
to  turn  the  shaft  upon  its  axis,  and  thereby  to  open  Ihe  other 
valves.  The  moment  previous  to  the  opening  these  valves  the 
piston  had  reached  the  lowest  part  of  its  stroke,  and  the  cylinder 
abm-e  the  piston  was  filled  wiih  steam  ;  but  as  soon  as  u  is  opened, 
that  steam  rushes  by  the  eduction  pipe,  j,  into  the  condenser,  aiK 
the  cyUnder  abeive  the  piston  is  exhausted.     The  steam  from  I 
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boiler  entering  by  I  and  K  acts  upon  the  lower  side  of  the  piston, 
and  forces  it  to  return  to  the  top  of  the  cylinder.  When  the  piston 
is  very  near  the  upper  termination  of  its  stroke,  another  slider,  a^ 
raises  the  handle,  and  in  so  doing  disengages  the  catch  which 
permits  the  upper  Y-shaft  to  revolve  upon  its  own  axis,  and  open 
the  valves  G  and  L,  and  the  downward  stroke  commences,  as  has 
been  related.  When  the  piston  descends,  the  buckets,  R  t,  of  the 
air  pump  P,  and  hot-water  pump  T,  also  descend.  </,  f  are  the 
rods  and  links  of  the  parallel  motion,  w  the  governor  communi- 
cating with  the  throttle  valve  L,  by  means  of  the  lever  x.  The 
second  pump,  T,  is  not  used  in  modem  engines,  and  the  sun  and 
planet  wheels  have  given  place  to  the  crank  ;  but  this  engine  is 
capable  of  as  good  a  performance  as  the  best  engines  now  made. 
It  is  worthy  of  remark  that  at  the  Albion  Mills  two  engines  were 
employed  with  what  answered  for  the  cranks  set  at  right  angles. 
This  is  the  first  example  of  an  arrangement  which  has  now  become 
universal  in  steam  vessels,  locomotives,  and  elsewhere,  requiring 
equability  of  motion  or  facility  of  stopping  and  starting. 

Q.  What  was  the  common  form  of  boiler  employed  by  Watt 
in  these  early  engines  } 

A.  The  waggon  boiler,  of  which  a  perspective  representation  is 
given  in  fig.  48.  It  is  a  long  rectangular  vessel,  with  a  rounded 
top,  like  that  of  a  carrier's  waggon,  from  its  resemblance  to  which 
it  derives  its  name.  A  fire  is  set  beneath  it,  and  flues  constructed 
of  brickwork  encircle  it,  so  as  to  keep  the  flame  and  smoke  in  con- 
tact with  the  boiler  for  a  sufficient  time  to  absorb  the  heat.  This 
species  of  boiler  has  not  an  internal  furnace,  but  is  set  in  brick- 
work, in  which  the  furnace  is  formed.  The  general  arrangement 
and  configuration  will  be  at  once  understood  by  a  reference  to  the 
annexed  figure  (fig.  48),  which  is  a  perspective  view  of  a  waggon 
boiler.  The  grate  and  a  part  of  the  flues  are  rendered  visible  in 
the  figure  by  the  removal  of  a  portion  of  the  surrounding  masonry 
in  which  the  boiler  is  set.  The  interior  of  the  boiler  a  is  also 
shown  by  cutting  off  one-half  of  the  semicircular  roof.  The  door 
by  which  the  fuel  is  introduced  to  the  grate  is  represented  at  B. 
A  door  is  also  represented  at  c,  leading  to  the  ash-pit ;  but  in  land 
boflers  doors  are  not  commonly  applied  in  this  situation.  The 
fire-bars  slope  downwards  from  the  front  at  an  angle  of  about  25°, 
giving  the  fuel  a  tendency  to  move  towards  the  back  of  the  grate. 
The  ash-pit  E  is  constructed  of  suflficient  magnitude  to  enable  a 
sufficient  supply  of  air  to  ascend  through  the  grate  bars  G,  and  the 
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flame  passes  over  2  low  wall  or  bridge  at  F,  and  t 

bottom  of  the  boiler.    The  smoke  rises  up  at  the  back  of  the 


boiler,  and  proceeds  from  H  to  i,  through  the  flue  shown  in  that 
"  >n— with  its  upper  part  removed— which  encircles  the  boiler. 
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It  proceeds  on  in  this  flue  to  k,  and  then  ascends  the  chimney. 
The  pcrfonnancc  of  this  course  by  the  smoke  is  what  is  termed  a 
wheel  draught,  as  the  smoke  wheels  once  round  the  boiler. 

Q.  Is  the  performance  of  this  course  by  the  smoke  universal  in 
wagigon  boilers  ? 

A.  No ;  such  boilers  sometimes  have  what  is  termed  a  split 
draught.  The  smoke  and  flame,  when  they  reach  the  end  of  the 
boiler,  pass  in  this  case  through  an  iron  flue  or  tube,  reaching  from 
end  to  end  of  the  boiler ;  and  on  arriving  at  the  position  of  K,  the 
smoke  splits  or  separates — one  half  passing  through  a  flue  on  the 
one  side  of  the  boiler,  and  the  other  half  passing  through  a  flue 
on  the  other  side  of  the  boiler — both  of  these  flues  having  their 
debouch  in  the  chimney. 

Q.  There  appear  to  be  several  pipes  leading  out  of  the  boiler. 
A.  On  the  top  of  the  boiler,  near  the  front,  is  a  short  cylinder, 
mith  a  lid  secured  by  bolts.  This  is  the  man-hole  door,  the 
purpose  of  which  is  to  enable  a  man  to  get  into  the  inside  of  the 
boiler  when  necessary  for  inspection  and  repair.  On  the  top  of 
this  door  is  a  small  valve  opening  downwards,  called  the  atmo- 
spheric vahre.  The  intention  of  this  valve  is  to  prevent  a  vacuum 
from  being  formed  accidentally  in  the  boiler,  which  might  collapse 
it ;  for  if  the  pressure  in  the  boiler  subsides  to  a  point  materially 
below  the  pressure  of  the  atmosphere,  the  valve  will  open  and 
allow  air  to  get  in.  The  bent  pipe  s,  which  rises  up  from  the  top 
of  the  boiler,  immediately  behind  the  position  of  the  man-hole,  is 
the  steam  pipe  for  conducting  the  steam  to  the  engine ;  and  the 
bent  pipe  T  which  ascends  from  the  top  of  the  boiler,  at  the  back 
end,  is  the  waste  steam  pipe  for  conducting  away  the  steam,  which 
escapes  through  the  safety  valve  v.  This  valve  is  set  in  a  chest, 
standing  on  the  top  of  the  boiler,  at  the  foot  ot  the  waste  steam 
pipe,  and  it  is  loaded  with  iron  or  leaden  weights  to  a  point 
answerable  to  the  intended  pressure  of  the  steam. 

Q,  How  is  the  proper  level  of  the  water  in  the  boiler  main- 
tained? 

A,  By  means  of  a  balanced  buoy  or  float,  which  in  this  boiler 
is  square,  and  which  may  be  seen  at  the  surface  of  the  water. 
This  float  is  attached  to  a  rod,  which  in  its  turn  is  attached  to 
a  lever,  set  on  the  top  of  the  large  upright  pipe  M.  The  upper 
part  of  the  pipe  M  is  widened  out  into  a  small  cistern,  through  a 
short  pipe  in  the  middle  of  which  a  chain  passes  to  the  damper  ; 
bat  any  water  emptied  into  this  small  cistern  cannot  pass  into  M 
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except  through  a  small  valve  fixed  to  the  lever  to  which  the  rod  uf,. 
attached,  but  which  is  not  shown  in  this  figure,  to  avoid  complica- 
tion. The  water  for  replenishing  the  boiler  is  pumped  inio  ihe 
small  cistern  ;  and  it  follows  from  these  arrangements  that  when 
the  buoy  falls,  the  rod  opens  the  small  valve  and  allows  the  feed 
water  to  enter  M,  which  connmunicates  with  the  water  in  the  boiler ; 
whereas,  when  the  buoy  rises,  the  feed  cannot  enter  M,  and  it  has, 
therefore,  to  run  lo  waste  through  an  overflow  pipe  provided  for 
the  purpose. 

Q,   How  is  ihe  strength  of  the  fire  regulated  ? 

A.  The  draught  through  the  furnaces  of  land  boilers  is  usually 
regulated  by  a  plate  of  meul,  or  a  damper,  as  it  is  called,  which 
slides  like  a  sluice  up  and  down  in  the  flue,  and  this  damper  is 
closed  more  or  less  when  the  intensity  of  the  fire  has  to  be 
moderated.  In  waggon  boilers  this  is  generally  accomplished  by 
self-acting  mechanism.  In  the  pipe  m,  which  is  called  a  stand 
pipe,  the  water  rises  up  to  a  height  proportional  to  the  pressure  of 
the  steam,  and  the  surface  of  the  water  in  this  pipe  will  rise  or  fall 
with  the  fluctuations  in  the  pressure  of  the  steam.  In  this  pipe  a 
iloai  is  placed,  which  communicates  by  means  of  a  chain  with  the 
damper  at  u.  If  the  pressure  of  the  steam  rises,  the  float  will  be 
raised  and  the  damper  closed,  whereas,  if  the  pressure  in  the 
boiler  falls,  the  reverse  of  this  action  will  take  place. 

Q.  Are  all  land  boilers  of  the  same  construction  as  that  which 
you  have  jusi  described  .' 

A.  No ;  many  land  boilers  are  now  made  of  a  cyUndrical 
form,  with  one  or  two  internal  flues  in  which  the  furnace  is  placed. 


I 


A  boiler  of  this  kind  is  represented  in  figs.  49  and  50,  and  which 
is  the  species  of  boiler  principally  used  in  Cornwall.  In  this  boiler 
a  large  internal  cylinder  or  flue  runs  from  end  10  end.  Id  the 
fore  part  of  this  cylinder  the  furnace  is  placed,  and  behind  the 
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furnace  a  large  tube  filled  with  water  extends  to  the  end  of  the 
boiler.  This  internal  tube  is  connected  to  ^he  bottom  part  of  the 
boiler  by  a  copper  pipe  standing  vertically  hnmediately  behind 
the  furnace  bridge,  and  to  the  top  part  of  the  boiler  by  a  bent 
copper  pipe  which  stands  in  a  vertical  position  near  the  end  of  the 
boiler.  The  smoke,  after  passing  through  the  central  flue,  circu- 
lates round  the  sides  and  beneath  the  bottom  of  the  boiler  before 
its  final  escape  into  the  chimney.  The  boiler  is  carefully  covered 
over  to  prevent  the  dispersion  of  the  heat. 
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Q.  Will  you  describe  the  structure  of  Watt's  rotative  engine  at 
a  later  date  than  the  engines  at  the  Albion  Mills,  when  he  had 
introduced  his  various  improvements  ? 

A.  The  structure  and  action  of  the  double-acting  land  engine  of 
the  kind  introduced  by  Mr.  Watt,  after  he  was  enabled  to  use  the 
crank,  will  be  understood  by  a  reference  to  the  annexed  figure  (fig.  5 1), 
where  an  engine  of  this  kind  is  shown  in  section,  c  is  the  cylinder 
in  which  a  movable  piston,  P,  is  forced  alternately  up  and  down  by 
the  alternate  admission,  to  each  side,  of  the  steam  from  the  boiler. 
The  piston,  by  means  of  the  piston  rod,  gives  motion  to  the  beam 
H/  which  by  means  of  O,  the  connecting  rod,  moves  the  crank,  G, 
and  with  it  the  fly  wheel,  F,  from  which  the  machinery  to  be 
driven  derives  its  motion. 

Q,  Where  does  the  steam  enter  from  the  boiler  ? 

A.  At  the  steam  pipe,  s.  The  throttle  valve  in  that  pipe  is  an 
elliptical  plate  of  metal  swivelling  on  a  spindle  passing  through  its 
edge  from  side  to  side,  and  by  turning  which  more  or  less  the 
opening  through  the  pipe  will  be  more  or  less  closed  The  extent 
to  which  this  valve  is  opened  or  closed  is  determined  by  the 
governor,  Q,  the  balls  of  which,  as  they  collapse  or  expand,  move 
up  or  down  a  collar  on  the  governor  spindle,  which  motion  is  coxn- 
monicated  to  the  throttle  valve  by  suitable  rods  and  bell-cranks. 
The  governor,  it  will  be  seen,  consists  substantially  of  two  heavy 
balls  attached  to  arms  fixed  upon  an  upright  shaft,  which  is  kept 
m  revolution  by  means  of  a  cord  driven  by  a  pulley  on  the  fly 
wheel  shaft.  The  velocity  with  which  the  balls  of  the  governor 
revolve  being  proportional  to  that  of  the  fly  wheel,  it  will  follow, 
that  if  by  reason  of  too  rapid  a  supply  of  steam,  an  undue  speed  be 
given  to  the  fly  wheel,  and  therefore  to  the  balls,  a  divergence  of 
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the  balls  will  lake  place  to  an  extent  corresponding  to  the  ei 
velocity,  and  this  movement  being  communicated  to  the  ihrotlle  ] 
iviil  be  partly  closed,  the  supply  of  steam  to  ihe  engine  ] 
will  be  diminished,  and  the  velocity  of  its  motion  will  be  reduced 

:  other  hand,  the  motion  of  the  engine  is  slower  than  is   ' 
requisite,  owing  to  a  deficient  supply  of  steam  through  s,  then  the 
t  being  sufficiently  affected  by  centrifugal   force,  will  fall 
towards  the  vertical  spindle,  and  the  throttle  valve,  T,  will  be  n 

pie  supply  of  steam  will  be 
admitted  to  Ihe  c)*linder, 
and  the  speed  of  the  engine 
will  be  increased  to  the  re- 
quisite extent. 

Q.  The  piston  must  be 
made  to  fit  the  cylinder 
accurately  so  as  to  pre%-cat 
the  passage  of  steam  ? 

A.  The  piston  is  accu- 
rately fitted  to  the  cylinder, 
and  made  to  move  in  il 
steam-tight  by  a  packing  of 
henip  driven  tightly  into  a 
groove  or  recess  round  the 
edge  ofthe  piston,  and  which 
is  squeezed  down  by  an  iron 
ring  held  by  screws.  The 
piston  divides  the  cj'lindcr 
into  two  compartments,  be 
tween  which  there  is  no 
communication  by  which  steam  or  any  other  elastic  fluid  can  pass. 
A  casing  B  n',  set  beside  the  cylinder,  contains  the  valves,  by  mi 
of  which  the  steam  which  impels  the  piston  is  admitted  and  w 
drawn,  as  the  piston  commences  its  motion  in  each  direction.  The  J 
upper  steam-bo\  r.  is  divided  into  three  compartments  by  t' 
valves.  Above  the  upper  steam-valve  v  is  a  compartment  co 
municating  with  the  steam-pipe  s.  Below  the  lower  valve  v 
another  compartment  communicating  with  the  pipe  called  the  edut  J 
tion  pipe,  which  leads  downwards  from  the  cylinder  to 
densers,  in  which  vessel  the  steam  is  condensed  by  a  jet  of  c 
water.  By  the  valve  v,  a  communication  may  be  opened  o 
between  the  boiler  and  the  top  of  the  cj'lindcr,  so  as  to  pemiit  J 
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prevent  a  supply  of  steam  from  the  one  to  pass  to  the  other.  By 
the  valve  E  a  communication  may  be  opened  or  closed  between 
the  top  of  the  cylinder  and  the  condenser,  so  that  the  steam  in  the 
top  compartment  of  the  cylinder  may  either  be  permitted  to  escape 
into  the  condenser,  or  may  be  confined  to  the  cylinder.  The  con- 
tinuation of  the  steam  pipe  s'  leads  to  the  lower  steam-box  b', 
which,  like  the  upper,  is  divided  into  three  compartments  by  two 
valves  V  and  £ ,  and  the  action  of  the  lower  valves  is  in  all  re- 
spects the  same  as  that  of  the  upper. 

Q.  Are  all  these  valves  connected  together,  so  that  they  act 
simultaneously  1 

A.  The  four  valves  v  E,  V  E'  are  connected  by  rods  to  a  single 
handle  m^  which  handle  is  moved  alternately  up  and  down  by 
means  of  pins  or  tappets,  placed  on  the  rod  which  works  the  air 
pump.  When  the  handle  m  is  pressed  down,  the  levers  in  connec- 
tion with  it  open  the  upper  exhausting  valve  E  and  the  lower  steam 
valve  V',  and  close  the  upper  steam  valve  v  and  the  lower  ex- 
hausting valve  E^  On  the  other  hand,  when  the  handle  m  is 
pressed  up  it  opens  the  upper  steam  valve  v  and  the  lower  ex- 
hausting valve  £',  and  at  the  same  time  closes  the  upper  exhausting 
valve  E  and  the  lower  steam  valve  v^ 
Q.  Where  is  the  condenser  situated  ? 

A.  The  condenser  D  is  immerged  in  a  cistern  of  cold  water. 
At  its  side  there  is  a  tube  i,  for  the  admission  of  water  to  condense 
the  steam,  and  which  is  governed  by  a  cock,  by  opening  which  to 
any  required  extent,  a  jet  of  cold  water  may  be  made  to  play  in 
the  condenser.     From  the  bottom  of  the  condenser  a  short  pipe 
leads  to  the  air  pump  k',  and  in  this  pipe  there  is  the  flap  valve  M, 
called  the  foot  valve,  opening  towards  the  air  pump.   The  air  pump 
is  a  pump  set  in  the  same  cistern  of  cold  water  that  holds  the  con- 
denser, and  it  is  fitted  with  a  piston  or  bucket  worked  by  the  rod  R, 
attached  to  the  great  beam,  and  fitted  with  a  valve  opening  up- 
wards in  the  manner  of  a  conunon  sucking  pump.    The  upper  part 
of  the  air  pump  conmiunicates  with  a  small  cistern  K,  called  the 
hot  well,  through  a  valve  opening  outwards  and  called  the  delivery 
valve.    A  pump  L,  called  the  hot  water  pump,  lifts  hot  water  out  of 
the  hot  well  to  feed  the  boiler,  and  another  pump  N  lifts  cold  water 
from  a  well  or  other  source  of  supply,  to  maintain  the  supply  of 
water  to  the  cold  water  cistern,  in  which  the  condenser  and  air 
pump  are  placed. 

Q^  Will  you  explain  now  the  manner  in  which  the  engine  acts? 
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.  The  piston  being  supposed  10  be  at  tlie  top  of  the  cylinderj" 
the  handle  m  will  be  raised  by  the  lower  pin  or  tappet  on  the  air 
pump  rod,  and  the  valves  v  and  F.'  will  be  opened,  and  at  the  same 
time  the  other  pair  of  val\es  v'  and  K  will  be  closed.  Sieam  will 
therefore  be  admitted  above  the  piston,  and  the  steam  or  air  which 
had  previously  filled  the  cylinder  below  the  piston  will  be  drawn 
off  to  the  condenser.  It  will  there  encounter  ihe  jet  of  cold  water, 
which  is  kept  constantly  playing  there  by  keeping  the  cock  1  suffi- 
ciently open.  It  will  thus  be  immediately  condensed  or  reduced 
10  water,  and  the  cylinder  below  the  piston  will  have  a  vacuum  in 
it.  The  sleani  therefore  admitted  from  the  sicam  pipe  through  the 
open  valve  V  to  the  top  of  the  cylinder,  not  being  resisted  by  pres- 
sure below,  will  press  the  piston  to  the  boltom  of  the  cylinder.  As 
it  approaches  that  position,  the  handle  m  will  be  struck  down  by 
the  upper  pin  or  tappet  on  the  air-pump  rod,  and  th< 
E',  previously  open,  will  be  closed,  while  the  valves  v'  and  E, 
viously  closed,  will  be  opened.  The  steam  which  has  just  pre; 
down  the  piston,  and  which  now  tills  the  cylinder  above  the  pisti 
will  then  tlow  off,  through  the  open  valve  E,  to  the  condense^ 
where  it  will  be  immediately  condensed  by  the  jet  of  cold  water  ; 
and  steam  from  the  boiler,  admitted  through  the  open  valve  v',  will 
fill  the  cylinder  below  the  piston,  and  press  the  piston  upwatds. 
When  the  piston  has  reached  the  top  of  the  c>-!inder,  the  lower  pin 
on  the  air-pump  rod  will  have  struck  the  handle  upwards,  and  will 
thereby  have  closed  the  valves  v'  and  E,  and  opened  the  valves  v 
and  e'.  The  piston  will  then  be  in  the  same  situation  as  in  (he 
commencement,  and  will  again  descend,  and  so  will  continue  to  be 
driven  up  and  down  by  the  steam. 

Q.  But  what  becomes  of  the  cold  water  which  is  let  into  the 
condenser  to  condense  the  steam  ? 

A.  It  is  pumped  out  by  the  air  pump  in  the  shape  of  hot  water, 
its  temperature  having  been  raised  considerably  by  the  admixture 
of  the  steam  with  it.  When  the  air-pump  piston  ascends  ii  leaves 
behind  it  a  vacuum  ;  and  the  foot  ^alvc  .M,  being  relieved  from  all 
pressure,  the  weight  of  the  water  in  the  condenser  forces  it  open, 
and  the  warm  water  flows  from  the  condenser  into  the  lower  part 
of  the  air  pump,  from  which  its  return  to  the  condenser  is  pre- 
vented by  the  intervening  valve.  When  ihc  air-pump  piston 
descends,  its  pressure  on  the  liquid  under  11  wil!  force  open  the 
valve  in  it,  through  which  the  hot  water  will  ascend  ;  and  «hen 
the  bucket  descends  to  the  bottom  of  the  pump  barrel,  the  wj 
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water  which  was  below  it  will  all  have  passed  above  it,  and  can- 
not return.  When  the  bucket  next  ascends,  the  water  above  it, 
not  being  able  to  return  through  the  bucket  valve,  will  be  forced 
into  the  hot  well  through  the  delivery  valve  K.  The  hot  water 
pump  L  pumps  a  small  quantity  of  this  hot  water  into  the  boiler, 
to  compensate  for  the  abstraction  of  the  water  that  has  passed 
off  in  the  form  of  steam.  The  residue  of  the  hot  water  runs  to 
waste. 

0-  By  what  expedient  is  the  piston  rod  enabled  to  pass  through 
the  cylinder  cover  without  leaking  steam  out  of  the  cylinder  or  air 
into  it } 

A.  The  hole  in  the  cylinder  lid,  through  which  the  piston  rod 
passes,  is  furnished  with  a  recess  called  a  stuffing  box,  into  which 
a  stuffing  or  packing  of  plaited  hemp  is  forced,  which,  pressing  on 
the  one  side  against  the  interior  of  the  stuffing  box,  and  on  the 
other  side  against  the  piston  rod,  which  is  smooth  and  polished, 
prevents  any  leakage  in  this  situation.  The  packing  of  this 
stuffing  box  is  forced  down  by  a  ring  of  metal  tightened  by  screws. 
This  ring,  which  accurately  fits  the  piston  rod,  lias  a  projecting 
flange,  through  which  bolts  pass  for  tightening  the  ring  down  upon 
the  |>acking  ;  and  a  similar  expedient  is  employed  in  nearly  every 
case  in  which  packing  is  employed. 

Q.  In  what  way  is  the  piston  rod  connected  to  the  great 
beam? 

A.  The  piston  rod  is  connected  to  the  great  beam  by  means  of 
two  links,  one  at  each  side  of  the  beam,  shown  at /^.  These  links 
are  usually  made  of  the  same  length  as  the  crank,  and  their  purpose 
is  to  enable  the  end  of  the  great  beam  to  move  in  the  arc  of  a 
circle  while  the  piston  rod  maintains  the  vertical  position.  The 
point  of  junction,  therefore,  of  the  links  and  the  piston  rod  is  of 
the  form  of  a  knuckle  or  bend  at  some  parts  of  the  stroke. 

(2-  But  what  compels  the  top  of  the  piston  rod  to  maintain  the 
vertical  position  ? 

A.  Some  engines  have  guide  rods  set  on  each  side  of  the  piston 
rod,  and  eyes  on  the  top  of  the  piston  rod  engage  these  guide  rods, 
and  maintain  the  piston  rod  in  a  vertical  position  in  every  part  of 
the  stroke.  More  commonly,  however,  the  desired  end  is  attained 
by  means  of  the  contrivance  called  the  parallel  motion. 

Q.  What  is  the  parallel  motion  ? 

A.  The  parallel  motion  is  an  arrangement  of  jointed  rods,  so 
connected  together  that  the  divergence  from  the  vertical  line  at 
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any  point  in  the  arc  described  by  the  beam  is  corrected  by  an 
equal  and  opposite  divergence  due  to  the  arc  performed  by  the 
jointed  rods  during  the  stroke ;  and  as  these  opposite  deviations 
mutually  correct  one  another,  the  result  is  that  the  piston  rod 

Q.  Will  you  explain  the  action  more  in  detail? 
A.  The  pin  which  passes  through  the  end  of  the  beani  at/has 
K  link/^  hung  on  each  side  of  the  beam,  and  a  short  cross  bar, 
called  a  cross  head,  extends  from  the  bottom  of  one  of  these  links 
to  the  bottom  of  the  other,  which  cross  head  is  perforated  with  a 
hole  in  the  middle  for  the  reception  of  the  piston  rod.  There  are 
similar  links  b  d  sx  the  point  of  the  main  beam,  where  the  air- 
pump  rod  is  attached.  There  are  two  rods  d  g  connecting  the 
links  ^1/ with  the  links /^,  and  these  rods,  as  they  always  con- 
tinue parallel  to  the  main  beam  throughout  the  stroke,  are  called 
parallel  ban.  Attached  to  the  ends  of  these  two  rods  at  (/are  two 
other  rods  c  d,  of  which  the  ends  at  c  arc  attached  to  stationary 
pias,  while  the  ends  at  d  follow  the  motion  of  the  lower  ends  of 
the  links  6  d.  These  rods  are  called  the  riidius  bars.  Now  it  is 
obvious  that  the  arc  described  by  the  point  rf,  with  f  as  a  centre, 
is  opposite  to  the  arc  described  by  the  pointy,  with  i/as  a  centre. 
The  rod  rf  ^  is,  therefore,  drawn  back  horizontally  by  the  arc 
described  at  d  to  an  extent  equal  to  the  versed  sine  of  the  arc 
described  at^,  or,  in  other  words,  the  line  described  by  the  point 
g  becomes  a  straight  line  instead  of  a  curve, 

Q,  Does  the  air-pump  rod  move  vertically  as  M-ell  as  the  piston 
rod? 

A.  It  does.  The  air-pump  rod  is  suspended  from  a  cross  head, 
passing  from  the  centre  of  one  of  the  links  ^  rf  to  the  centre  of  ihe 
other  link,  on  the  opposite  side  of  the  beam.  Now,  as  the  distance 
from  the  central  axis  of  the  great  beam  to  the  point  b  is  equal  to 
the  length  of  the  rod  c  rf,  it  will  follow  that  the  upper  end  of  the 
link  will  follow  one  arc.  and  the  lower  end  an  equal  and  opposite 
arc.  A  point  in  the  centre  of  the  link,  therefore,  where  these 
opposite  motions  meet,  will  follow  no  arc  at  all,  but  will  move  up- 
and  down  vertically  in  a  straight  line. 

Q.  The  use  of  the  crank  is  to  obtain  a  circular  motion  from  a 
reciprocating  motion  ? 

A.  That  is  the  object  of  il,  and  it  accomplishes  its  object  in  a 
very  perfect  manner,  as  it  gradually  arrests  the  velocity  of  the 
piston  towards  the  end  of  the  stroke,  and  thus  obviates  what  would 
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otherwise  be  an  injurious  shock  upon  the  machine.  When  the 
crank  approaches  the  lowest  part  of  its  throw,  and  at  the  same 
time  the  piston  is  approaching  the  top  of  the  cylinder,  the  motion 
of  the  crank  becomes  nearly  horizontal,  or,  in  other  words,  the 
piston  is  only  advanced,  through  a  very  short  distance,  for  any 
given  distance  measured  on  the  circle  described  by  the  crank  pin. 
Since,  then,  the  velocity  of  rotation  of  the  crank  is  nearly  uniform, 
it  will  follow  that  the  piston  will  move  very  slowly  as  it  approaches 
the  end  of  the  stroke  ;  and  the  piston  is  brought  to  a  state  of  rest 
by  this  gradually  retarded  motion,  both  at  the  top  and  the  bottom 
of  the  stroke. 

Q,  What  causes  the  crank  to  revolve  at  a  uniform  velocity  ? 
A.  The  momentum  of  the  machinery  moved  by  the  piston,  but 
more  especially  of  the  fly  wheel,  which  by  its  operation  redresses 
the  unequal  pressures  communicated  by  the  crank,  and  compels 
the  crank  shaft  to  revolve  at  a  nearly  uniform  velocity.     Everyone 
knows  that  a  heavy  wheel,  if  put  into  rapid  rotation,  cannot  be  im- 
mediately stopped.    At  the  beginning  and  end  of  the  stroke  when 
the  crank  is  vertical,  no  force  of  torsion  can  be  exerted  on  the 
crank  shaft  by  the  crank,  but  this  force  is  at  its  maximum  when 
the  crank  is  horizontaL     From  the  vertical  point,  where  this  force 
is  nothing,  to  the  horizontal  point,  where  it  is  at  its  maximum,  the 
force  <^  torsion  exerted  on  the  crank  shaft  is  constantly  varying  ; 
and  the  fly  wheel  by  its  momentum  redresses  these  irregularities, 
and  carries  the  crank  through  that  *  dead  point,'  as  it  is  termed, 
where  the  piston  cannot  impart  any  rotative  force. 

Q,  Are  the  configuration  and  structure  of  the  rotative  steam 
engine,  as  it  left  the  hand  of  Watt,  materially  different  from  those 
of  modem  engines  ? 

A,  There  is  not  much  difference.  In  modem  rotative  land 
engines,  the  valves  for  admitting  the  steam  to  the  cylinder  or  con- 
denser, instead  of  being  clack  or  pot-lid  valves  moved  by  tappets 
on  the  air-pump  rod,  are  usually  sluice  or  sliding  valves,  moved 
by  an  eccentric  wheel  on  the  crank  shaft.  Sometimes  the  beam 
is  discarded  altogether,  and  malleable  iron  is  more  largely  used  in 
the  construction  of  engines  instead  of  the  cast  iron  which  formerly 
so  largely  prevailed.  But  upon  the  whole  the  steam  engine  of 
the  present  day  is  substantially  the  engine  of  Watt  ;  and  he  who 
perfectly  understands  the  operation  of  Watt's  engine,  will  have  no 
difficulty  in  understanding  the  operation  of  any  of  the  numerous 
varieties  of  engines  since  introduced. 
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STEAM  NAVIGATION  AND  THE  MARINE  ENGINE, 

O.  In  what  way  did  the  application  of  the  sleam  engine  t( 
propulsion  of  vessels  originate? 

A.  Sucli  an  application  had  often  been  proposed,  but  towai 
the  end  of  last  century  Mr.  Miller,  of  Dalswinton,  proposed  to  w 
composite  vessels  consisting  of  several  parallel  hulls  by  rr 
paddle  wheels  placed  between  them,  and  he  had  such  vessels  c 
structed  and  tested.  The  wheels  were  rotated  by  capstans,  J 
on  the  occasion  of  one  of  the  trials  James  Taylor,  a  lutt 
Miller's  family,  took  a  spell  at  the  capstans  and  found  it  very  heavy 
work.  He  accordingly  suggested  the  application  of  a  steam  engine 
to  turn  them,  which  he  said  William  Symington,  a  friend  of  his, 
could  make,  and  Mr.  Miller  sanctioned  the  application,  which  was 
made,  and  successfully  tried  on  Dalswinton  lake  in  Scotland.  In 
1802  another  and  belter  vessel  was  constructed  by  Symington  for  the 
Forth  and  Clyde  canal,  which  was  quite  successful  as  a  steam  v'csse!, 
but  was  laidasidebecauseit  was  said  to  injure  the  banks  of  the  canal. 
This  steam  vessel  was  inspected  by  Fulton,  an  American,  who  in 
1807  commissioned  Itoulton  and  Wall  lo  make  a  steam  engine  for 
him  for  the  propulsion  of  a  steamer  in  America.  In  1813  Henry 
Bell,  who  had  also  frequently  inspected  Symington's  boat,  built 
the  '  Comet,'  propelled  by  a  4  horse^power  engine  and  four  paddle 
wheels,  Steam  vessels  of  an  improved  type  thereafter  followed, 
and  soon  became  very  numerous. 

Q.  Are  all  steam  vessels  propelled  by  paddle  wheels  ? 

A.  No;  the  majority  are  now  propelled  by  the  screw,  an  instrU' 
nient  formed  with  oblique  arms,  or  vanes,  like  the  blades  of  a  wind- 
mill, and  which  is  rapidly  rotated  beneath  the  water  at  the  stem. 
The  screw  was  introduced  by  Sir  F.  P.  Smith  and  John  Ericsson 
about  183B.  But  it  was  a  number  of  years  before  it  came  into  ex- 
tended use.  It  is  now  almost  universal  for  the  propulsion  of  ocean 
vessels.  But  in  the  case  of  river  vessels  the  paddle  wheels  are 
still  preferred. 

Q.  Then  are  (here  different  classes  of  marine  engines,  each 
appropriate  lo  the  particular  propeller  employed  ? 

A.  Marine  engines  are  of  two  kinds — paddle  engines  and  screw 
engines.     Of  each  class  there  are  many  distinct  varieties. 


Watts  Side-Lever  Marine  Engines.  107 


PADDLE  ENGINES. 

Q.  What  arc  the  principal  varieties  of  the  paddle  engine  ? 
A.  There  is  the  side  lever  engine  and  the  oscillating  engine, 
besides  numerous  other  forms  of  engine  which  are  less  known  or 
employed,  such  as  the  trunk,  double  cylinder,  annular,  Gorgon, 
steeple,  and  many  others.  The  side  lever  engine,  however,  and  the 
oscillating  engine,  are  the  only  kinds  of  paddle  engines  which 
have  been  received  with  wide  or  general  favour,  or  have  come  into 
extended  use. 

Q,  Will  you  explain  the  main  distinctive  features  of  the  side 
lever  engine  ? 

A.  In  all  paddle  vessels,  whatever  be  their  subordinate  charac- 
teristics, a  great  shaft  of  wrought  iron,  turned  round  by  the  engine, 
has  to  be  carried  from  side  to  side  of  the  vessel,  on  which  shaft  are 
fixed  the  paddle  wheels.    The  paddle  wheels  may  either  be  formed 
with  fixed  float-boards  for  engaging  the  water,  like  the  boards  of  a 
common   undershot  water-wheel,  or  they  may  be  formed  with 
feathering  float-boards,  as  they  are  termed,  which  is  float-boards 
movable  on  a  centre,  and  so  governed  by  appropriate  mechanism 
that  they  enter  and  leave  the  water  in  a  nearly  vertical  position. 
The  fixed  floats  are  attached  by  bolts  to  the  arms  of  two  or  more 
rmgs  of  malleable  iron,  which  are  fixed  by  appropriate  centres  on 
the  paddle  shaft,  and  the  feathering  floats  swing  on  horizontal 
spindles.     It  is  usual  in  steam  vessels  to  employ  two  engines,  the 
cranks  of  which  are  set  at  right  angles  with  one  another.     When 
the  paddle  wheels  are  turned  by  the  engines,  the  float  boards  en- 
gaging the  water  cause  a  for>vard  thrust  to  be  imparted  to  the 
shaft,  which  propels  forward  the  vessel  on  the  same  principle  that 
a  boat  is  propelled  by  the  action  of  oars. 

0-  These  remarks  apply  to  all  paddle  vessels  ? 
A.  They  do.  With  respect  to  the  side  lever  engine,  it  may  be 
described  to  be  such  a  modiflcation  of  the  land  beam  engine, 
already  described,  as  will  enable  it  to  be  got  below  the  deck  of  a 
▼esseL  With  this  view,  instead  of  a  single  beam  being  placed 
overhead,  two  beams  are  used,  one  of  which  is  set  on  each  side 
of  the  engine  as  low  down  as  possible.  The  cross  head  which 
engages  the  piston  rod  is  made  somewhat  longer  than  the  diameter 
of  the  cylinder,  and  two  great  links  or  rods  proceed  one  from  each 
cad  of  Uie  cross  head  to  one  end  of  the  side  levers  or  beams.    A 
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similar  cross  bar  at  the  oiher  end  of  the  beams  serves  to  conni 
them  to  one  another  and  10  the  connecting  rod,  which,  proceeding 
from  ihence  upwards,  engages  the  crank,  and  thereby  turns  round 
the  paddle  wheels. 

Q,  Will  you  further  illustrate  this  general  description  by  ,in 
example? 

A.  I  will  take  as  an  example  the  engines  constructed  by  Messrs. 
BouUon  and  Walt  for  the  steamers  'Red  Rover'  and  'City  of 
Canterbury,'  and  which  were  in  successful  and  constant  use  for  a 
great  number  of  years.  Fig.  52  is  a  longitudinal  section  of  both 
engine  and  boiler ;  x  x  represent  the  beams  or  keelsons  to  which 
the  engines  are  attached,  and  on  which  the  boilers  rest.  The 
engines  arc  tied  down  by  strong  bolts  passing  through  the  botiom 
of  the  vessel,  but  the  boiler  keeps  its  position  by  its  weight  alone ; 
S  is  the  steam  pipe  leading  from  the  steam  chest  of  the  boiler  to 
the  slide  or  sluice  valve  c,  by  which  the  steam  is  admitted  aller- 
oatcly  to  the  top  and  bottom  of  tlic  ej'linder.  11  is  the  condenser 
and  E  the  air  pump,  which  is  worked  off  the  side  levers  by  means 
of  side  rods  and  a  cross  head.  A  strong  gudgeon,  called  the  main 
ctnlri,  passes  through  the  condenser  at  K,  the  projecting  ends  of 
which  serve  to  support  the  side  lexers  or  beams.  F  is  the  hot  well, 
out  of  which  the  feed  pump  draws  water  to  replenish  the  boiler, 
which  is  forced  through  the  pipe  1 1.  l  is  the  piston  rod,  which, 
by  means  of  the  cross  head  and  side  rods,  is  connected  to  the  side 
levers  or  beams,  one  of  which  is  shown  in  doited  lines  at  H  K,  as 
being  at  the  back  of  the  engine,  the  other  being  supposed  to  be 
removed  to  enable  ihe  engine  to  be  shown  in  section.  M  is  the 
connecting  rod,  to  which  motion  is  imparted  by  the  bcanis,  through 
the  medium  of  the  cross  tail  estendinj;  between  the  lieams,  and 
which  by  means  of  Ihe  crank  turns  the  paddle  shaft  o.  The  framing 
upon  which  the  paddle  shaft  rests  is  denoted  by  g  R,  and  the  rods 
of  ihe  parallel  motion  by  a  a.  The  eccentric  which  works  the  slide 
valve  is  placed  upon  the  paddle  shaft.  It  consists  of  a  disc  of 
metal  encircled  by  a  hoop,  10  which  a  rod  is  attached,  and  the  disc 
is  perforated  with  a  hole  for  the  shaft,  not  in  the  centre  but  near 
one  edge.  When,  therefore,  the  shaft  revolves,  carrying  the  eccen- 
liic  with  it,  the  rod  attached  to  the  encircling  hoop  receives  a 
reciprocating  motion,  jusi  as  it  would  do  if  attached  to  a  crank  in 
Ihe  shaft.  The  section  of  the  boiler  flues  is  represented  by  W  f, 
the  safety  valve  by^;  and  hh  are  cocks,  by  which  the  water  in  the 
boiler  is  blown  out  into  the  sea  by  the  pressure  of  ihe  steam,  «heD 
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the  boilers  require  to  be  emptied,  and  also  through  which  a  portion 
of  the  water  in  the  boiler  is  blown  out  from  time  lo  time,  while  the 
engine  is  at  work,  in  order  to  prevent  the  sea  water  from  reaching 
an  injurious  amount  of  c( 


Q.  Win  yon  describe  the  mode  of  starting  the  engine  ? 

A.  I  may  first  mention  that  when  the  engine  is  at  rest,  the  con- 
aectMn  between  the  eccentric  and  the  slide  valve  is  broken,  by 
lifting  the  end  of  the  eccectric  rod  out  of  a  notch,  which  engages  a 
BBi  00  the  valTe  riiaft ;  and  the  valve  is  at  such  limes  free  to  be 
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moved  by  hand  by  a  bar  of  iron,  applied  lo  a  proper  part  of 
valve  gear  for  that  purpose.  This  being  so,  the  enj;ineer,  whcr 
wishes  to  start  [he  engine,  firei  opens  a  small  valve  called  the  btaw^ 
through  vah'c,  which  permits  steam  from  the  boiler  to  enter  tb6^i 
engine  both  above  and  below  the  piston,  and  also  to  fill  the  con- 
denser and  air  pump.  This  steam  expels  the  air  from  the  interior] 
of  the  engine,  and  also  any  water  which  may  have  accumulated 
there ;  and  when  this  has  been  done,  the  blo«'  through  valve 
shut,  and  a  vacuum  very  soon  forms  within  the  engine,  by  the  con- 
densation of  the  steam.  If  now  the  slide  valve  be  moved  by  hand, 
the  steam  from  the  boiler  will  be  admitted  on  one  side  of  the  pis- 
ton, while  there  is  a  vacuum  on  the  other  side,  and  the  piston  will, 
therefore,  be  moved  in  the  desired  direction.  When  the  piston 
reaches  the  end  of  the  stroke,  the  valve  has  lo  be  moved  in  the 
reverse  direction,  when  the  piston  will  return,  and  after  being 
moved  thus  by  hand,  once  or  twice,  the  connection  of  the  valve 
with  the  eccentric  is  to  be  restored  by  allowing  the  notch  on  the 
end  of  the  eccentric  rod  lo  engage  the  pin  on  the  valve  lever,  when 
tlie  valve  will  be  thereafter  moved  by  the  engine  in  the  proper 
manner.  It  will,  of  course,  be  necessary,  when  the  engine  begins 
to  move,  to  open  the  injection  cock  a  liille,  to  enable  water  to 
enter  for  the  condensation  of  the  steam.  In  the  most  recent 
marine  engines,  a  somewhat  different  mechanism  from  this  is  used 
for  giving  motion  to  the  valves,  but  that  mechanism  will  be  after- 
wards described. 

Q.  Are  all  marine  engines  condensing  engines  ? 

A.  Nearly  all  of  them  are  so  ;  but  special  vessels  have  at  times 
been  constructed  with  high-pressure  engines.  In  general,  however, 
marine  engines  are  condensing  engines,  and  modern  engines  arc 
for  the  most  part  constructed  with  surface  condensers,  so  as  to  feed 
the  boilers  with  fresh  water. 

Q.  Will  you  now  describe  the  chief  features  of  the  oscillating 
paddle  marine  engine  ? 

A.  In  the  oscillating  paddle  marine  engine  the  arrangement  of 
the  paddle  shaft  and  paddle  wheels  is  the  same  as  in  the  case 
already  described ;  but  the  whole  of  the  side  levers,  side  rods, 
cross  head,  cross  tail,  and  connecting  rod  are  discarded.  The 
cylinder  is  set  immediately  under  the  crank  ;  the  top  of  the  piston 
rod  is  connected  immediately  lo  the  crank  pin  ;  and,  to  enable  the 
piston  rod  lo  accommodate  itself  to  the  movement  of  the  crank,  the 
cylinder  is  so  constructed  as  lo  be  susceptible  of  vibrating  or  oscil- 
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latJDg  upon  two  external  axes  or  tninnions.  These  trunnions  nre 
generally  placed  about  half-way  up  on  the  sides  of  the  cylinder ;  and 
through  one  of  them  steam  is  received  from  the  boiler,  while  through 
the  other  the  steam  escapes  to  the  condenser.  The  air  pump 
is  usually  worked  by  means  of  a  crank  in  the  shaft,  which  cranlc 
moves  the  air-pump  bucket  up  and  down  as  the  shaft  revolves. 


Q,  Will  you  give  an  example  of  a  paddle  oscillating  engine  ? 

A.  I  will  take  as  an  example  the  oscillating  paddle  engines 
cmstmcted  by  Messrs.  Rennie  for  the  steamer  '  Peterhoff' ;  and 
this  vessel  was  also  tilled  with  feathering  wheels.    Fig.  53  is  a 
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tTans\'erse  section  of  this  vessel,  showing  the  engines  and  whed|i 
and  tig.  54  is  a  side  view  of  the  engines,  showing;  also  one  of  the 
wheels.  There  were  two  cylinders  in  this  vessel,  and  one  air 
pump,  which  lay  in  an  inclined  position,  and  is  worked  by  a  crank 
in  ihe  shaft,  which  stretches  between  the  cylinders,  and  which  is 
called  the  intermediate  shaft,  a  a  (fig.  53)  are  the  two  cylinders, 
B  fl  the  two  piston  rods,  and  c  c  the  two  cranks.  D  is  the  crank  in 
the  intermediate  shaft,  which  works  the  air  pump  E  ;  FF  are  the 
slide  valves,  by  which  the  admission  of  the  steam  10  the  cylinders 
is  regulated.  CG  are  double  eccentrics  lixcd  on  the  shaft,  whereby 
the  movement  of  the  slide  valves  is  regulated.  The  purpose  of 
the  double  eccentrics  is 
to  enable  the  arrange- 
ment of  valve  gear  to 
be  employed  known  as 
the  link  motion,  h  is 
a  handle  whereby  the 
engine  may  be  instantly 
stopped,  started,  or  re- 
versed, without  the  ne- 
cessity of  detaching  the 
eccentric    rod    from    the 

sary  where  the  link  mo- 
tion is  not  employed, 
r  I  are  the  sieam  pipes 
leading  to  the  steam  trun- 
nions K  K,  on  which,  and 
on  the  eduction  trunnions 
connected  with  the  pipe  m,  the  cylinders  oscillate.  In  fig.  54,  s  s 
are  pumps,  the  pistons  of  which  are  attached  to  the  trunnions, 
and  are  worked  by  the  osciiiation  of  the  cylinders  ;  o,  in  the  sante 
figure,  is  the  waste  water  pipe,  through  which  is  discharged  over, 
board  the  whole  of  the  water  lifted  out  of  the  condenser  by  tlie  air 
pump,  except  that  smalt  portion  employed  for  feeding  the  boiler. 

Q.  By  what  species  of  mechanism  are  the  positions  of  the 
paddle  floats  of  this  vessel  governed,' 

A.  The  floats  arc  supported  by  spurs  projecting  from  the  rim 
of  the  wheel,  and  they  are  moved  upon  the  points  of  the  spurs, 
to  which  they  are  attached  by  pins,  by  means  of  short  levers 
proceeding  from  the  backs  of  the  floats,  and  connected  lo  rods 
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which  proceed  towards  the  centre  of  the  wheel.  The  centre,  how« 
ever,  to  which  these  rods  proceed  is  not  concentric  with  the  wheel, 
and  the  rods,  therefore,  are  moved  in  and  out  as  the  wheel  revolves, 
and  impart  a  corresponding  motion  to  the  floats.  In  some  feather- 
ing wheels  the  proper  motion  is  given  to  the  rods  by  means  of  an 
eccentric  on  the  ship's  side. 

SCREW  ENGINES. 

Q.  What  are  the  principal  varieties  of  screw  engines  } 
A,  The  engines  employed  for  the  propulsion  of  screw  vessels 
are  divided  into  two  great  classes — geared  engines  and  direct- 
acting  engines ;  and  each  of  these  classes  again  has  many  varieties. 
In  screw  vessels,  the  shaft  on  which  the  screw  is  set  requires  to 
revolve  at  a  much  greater  velocity  than  is  required  in  the  case  of 
the  paddle  shaft  of  a  paddle  vessel ;  and  in  geared  engines  this 
necessary  velocity  of  rotation  Is  obtained  by  the  intervention  of 
toothed  wheels — the  engines  themselves  moving  with  the  usual 
velocity  of  paddle  engines ;  whereas,  in  direct-acting  engines,  the 
required  velocity  of  rotation  is  obtained  by  accelerating  the 
speed  of  the  engines,  which  are  connected  immediately  to  the 
screw  shaft. 

g.  Will  you  describe  some  of  the  principal  varieties  of  geared 
engines? 

A,  Geared  engines  are  now  obsolete,  but  for  many  years  they 
held  their  ground  with  remarkable  tenacity.    A  good  many  of  the 
geared  engines  for  screw  vessels  were  made  in  the  same  manner  as 
land  engines,  with  a  beam  overhead,  which,  by  means  of  a  connect- 
ing rod  extending  downwards,  gave  motion  to  the  crank  shaft,  on 
which  was  set  the  cog  wheels,  which  gave  motion  to  pinions  on 
the  screw  shaft — the  teeth  of  the  wheels  being  generally  of  wood, 
and  the  teeth  of  the  pinions  of  iron.     There  were  usually  several 
wheels  on  the  crank  shaft  and  several  pinions  on  the  screw  shaft ; 
but  the  teeth  of  each  did  not  run  in  the  same  line,  but  were  set  a 
htde  in  advance  of  one  another,  so  as  to  divide  the  length  of  the 
tooth  into  as  many  parts  as  there  were  independent  wheels  or 
pinions.    By  this  arrangement  the  wheels  worked  more  smoothly 
than  they  would  otherwise  do. 

Q,  What  other  forms  were  there  of  geared  screw  engines  ? 
A.  In  some  cases  the  cylinders  were  placed  on  their  sides  in 
the  manner  of  the  cylinders  of  a  locomotive  engine.    In  some  cases 
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being  written  upon  them,  any  detailed  description  of  the  engine  is 

not  required.    The  engines  of  the  *  Great  Britain '  were  made  off 

the  same  patterns  as  the  paddle  engines  constructed  by  Messrs. 

John  Penn  and  Son  for  H.M.S.  *  Sphinx.'    The  diameter  of  each 

cylinder  is  82^  inches,  the  length  of  travel  or  stroke  of  the  piston 

is  6  feet,  and  the  nominal  power  is   500  horses.    The  '  Great 

Britain'  is  of  3,500  tons  burden,  and  her  displacement  at  16  feet 

draught  of  water  is   2,970  tons.    The  diameter  of  the  screw  is 

i5i  feet,  length  of  screw  in  the  line  of  the  shaft  3  feet  2  inches, 

and  the  pitch  of  the  screw  19  feet    The  vessel,  which  is  still 

plying  (in  1884),  has  in  all  respects  been  eminently  successful. 

Q.  What  do  you  mean  by  the  pitch  of  the  screw  ? 

A.  A  screw  propeller  may  be  supposed  to  be  a  short  piece  cut 

o(T  a  screw  of  large  diameter  like  a  spiral  stair,  and  the  pitch  of  a 

spiral  stair  is  the  vertical  height  from  any  given  step  to  the  step 

immediately  overhead. 

Q,  What  is  the  usual  number  of  arms  ? 

A,  Sometimes  a  screw  has  two  arms,  but  more  frequently  it 
tas  three  or  more.  The  'Great  Britain'  had  three  arms.  The 
multiple  of  the  gearing  in  the  '  Great  Britain '  is  3  to  i,  and  there 
are  17^  square  feet  of  heating  surface  in  the  boiler  for  each  nomi- 
nal horse-power.  The  crank  shaft,  being  put  in  motion  by  the 
engine,  carries  round  with  it  the  great  cog  wheel,  or  aggregation  of 
cog  wheels,  affixed  to  its  extremity  ;  and  these  wheels,  acting  on 
suitable  pinions  on  the  screw  shaft,  cause  the  screw  to  make  three 
revolutions  for  every  revolution  made  by  the  engine. 

Q.  What  are  the  principal  varieties  of  direct -acting  screw 
engines? 

A.  In  some  cases  four  engines  have  been  employed  instead  of 
two,  and  the  cylinders  have  been  laid  on  their  sides  on  each  side 
of  the  screw  shaft.  This  multiplication  of  engines,  however,  intro- 
duces needless  complication,  and  is  now  but  little  used.  In  other 
cases  two  inverted  cylinders  are  set  above  the  screw  shaft  on 
appropriate  framing  ;  and  connecting  rods,  attached  to  the  ends  of 
the  piston  rods,  turn  round  cranks  in  the  screw  shaft.  This  is  the 
system  now  in  greatest  favour. 

0.  What  is  the  kind  of  direct-acting  screw  engine  introduced 
by  Messrs.  Penn,  with  the  object  of  keeping  the  engine  below  the 
water  line,  for  war  vessels  ? 

A.  It  is  a  horizontal  trunk  engine,  and  is  represented  in  section 
ID  ^'g.  56.     In  this  engine  a  round  pipe,  called  a  trunk,  penetrates 

\% 
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ihe  pislon  to  which  it  is  fixed,  being,  in  fact,  cast  in  one  piece  \ 
it ;  and  ihe  trunk  also  penetrates  the  top  and  bottom  of 
cylinder  through  which  it  moves,  and  is  made  tight  iherein 
means  of  stuffing 'boxes.  The  connecting  rod  is  attached  at 
end  lo  a  pin  fixed  in  the  middle  of  the  trunk,  while  the  other 


I 


s  the  crank  in  the  Qsual  manner.  The  air  pump  i: 
within  the  condenser,  and  is  wrought  by  a  rod  which  is  fixed  lo 
the  piston  and  derives  its  motion  therefrom.  The  air  pump  is  of 
that  species  which  is  called  double-acting.  The  piston  or  bucket 
is  fonned  without  valves  in  it.  but  an  inlet  and  outlet  valve  is  fixed 


I 
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each  end  of  the  pump,  through  one  of  which  the  waicr  ii 
drawn  into  the  pump  barrel,  and  through  the  other  of  which  it  a 
e\pelled  into  the  hot  welL 
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engines  below  the  watcr-!inc  were  designed  by  Ericsson  for  the- 
American  war  steamer  '  Princeton,'  and  ihey  were  without  a  trunk, 
as  were  also  ihe  engines  of  the  '  Pomone '  and '  Amphion,'  designed 
by  him  for  the  French  and  English  Governments.  These  last 
engines  were  formed  with  return  connecting  rods,  and  this  type  uf 
engine  was  long  favourably  regarded.  An  example  of  this  species 
of  engine  is  given  in  fig.  57,  which  represents  the  engines  of  the 
'  Friedland,'  an  armoured  vessel  belonging  to  ihe  French  Govern- 
ment. These  engines  were  shown  in  operation  at  Ihe  Interaatit 
Exhibition  at  Paris  in  1867. 

Q.  What  kind  of  boilers  were  commonly  used  with  these 
other  marine  engines .' 

A.  The  boiler  of  the  '  Comet '  was  a  land  boiler  set  in  brick- 
work. But  boilers  with  interna!  furnaces  and  internal  flues  soon 
came  to  be  adopted.  Boulion  and  Wati%  marine  boiler,  shown  in 
fig'  5^1  '^  3  boiler  of  this  kind.  But  the  structure  of  an  ordinary 
marine-flue  boiler  will  be  more  clearly  apprehended  by  a  reference 
to  figs.  58  to  63.  Fig.  58  is  a  front  elevation,  showing  the  mouths 
of  the  furnaces  and  ash-pits.    Fig.  59  is  a  horizontal  section  through 


I'cm- 


A  B,  fig.  61  ;  and  fig.  60  is  a  horizontal  section  through  C  P,  fig.  61. 
Fig.  61  is  a  vertical  section  through  c  h,  fig.  60.  In  fig.  61  the 
general  configuration  of  the  boiler  is  very  clearly  represented  ;  and 
the  smoke,  after  winding  first  through  the  lower  tier  of  flues,  and 
next  through  the  upper  tier  of  flues,  finally  debouches  at  the 
chimney. 

Q.  Is  this  arrangement  different  from  that  obtaining  in  lubidn 
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A.  In  tubular  boilers,  the  smoke  after  leaving  the  furnace  just 
passes  once  through  a  number  of  small  tubes  and  then  enters  the 
chimney.    These  tubes  aic  sometimes  of  brass,  and  they  are  usually 


tttdinal  section,  and  fig.  63  being  half  a  front  elevation  and  half  a 
transverse  section.  There  is  a  projecting  part  on  the  lop  of  the 
boiler  called  the  *  steam  chest,'  of  which  the  purpose  is  to  retain 
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for  the  use  of  tlie  cylinder  a  i:ertaiii  supply  of  sieam  in  a  quicsci 
state,  in  order  that  it  may  have  time  to  clear  itself  of  foam  or 
spray.  A  steam  chest  is  a  usual  part  of  all  marine  boilers,  working 
at  a  low  pressure  of  steam.  In  fig.  62  A  is  the  furnace, 
sieam  chest,  and  c  the  smoke-box  which  opens  into  the  chimi 
The  front  of  the  smoke-box  is  usually  closed  by  doors,  which 
be  opened  when  nece!sar>'  to  sweep  the  soot  out  of  the  tubes. 

Q.  Wherein  do  modern  marine  boilers  differ  from  (hose  whiefc' 
you  have  here  described  ? 

A.  Modem  marine  boilers  invariably  work  with  a  considerable 
pressure  of  steam,  never  under  60  lbs.  per  square  inch,  and  often  a 
good  deal  more.  They  ate  therefore  always  made  circular,  and 
always  strong,  being  formed  of  thick  plates  with  double-riveted 
seams.  They  are  also  invariably  fed  with  fresh  water,  obtained  by 
condensing  the  steam  by  thin  melal  pipes  through  which  water  is 
forced,  and  which  pipes  condense  the  sieam  in  the  same  way  that  is 
done  by  the  wono  of  a  still. 


the 
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Q.  In  what  way  did  the  railway  system  take  its  origin  ? 

A.  The  first  railwaj's  were  made  with  wooden  rails,  and  were 
introduced  around  Newcastle  to  facilitate  the  conveyance  of  coals 
from  the  pits  to  the  port  for  shipment.  These  wooden  railways 
were  afterwards  covered  with  sheet  iron  to  make  them  «'ear  belter, 
and  finally  the  wooden  rails  were  discarded,  and  iron  bars  substi- 
tuted, supported  by  cross  sleepers. 

<2.  And  what  is  the  history  of  the  application  of  the  steam 
engine  to  ihe  propulsion  of  carriages  on  railways  ? 

A.  The  use  of  a  poitable  engine  10  propel  carriages  on  common 
roads  was  one  of  Wall's  projects;  and,  in  17S4,  Murdoch,  who 
was  Wait's  agent  in  Cornwall,  conslrucled  a  smalt  locomotive 
engine,  and  afterwards  made  one  H-ith  which  he  ran  about  llic 
roads  in  Comnall.  In  1802  Trevithick,  a  Cornish  engineer,  con 
structed  an  engine  for  dra^^■ing  carriages  or  wagons  on  railway .. 
and  various  persons  constructed  such  engines  after  tliis  tiiH'. 
Among  them  was  George  Stephenson,  whose  originai  locomotiM: 
engine  was  very  imperfect.  But,  in  1824,  Mr,  James  Kennedy, 
afterwards  of  the  firm  of  Burj-,  Curtis  and  Kennedy,  became 
George  Stephenson's  foreman,  and  he  so  improved  the  structure  of 
the  engine  that,  when  the  engines  for  the  Stockton  and  Darling:<iii 
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Railway  were  made  in  the  following  year,  they  achieved  so  decided 
a  success  that  the  Liverpool  and  Manchester  Railway  was  imme 
diately  projected,  and  George  Stephenson  was  made  the  engineer 
of  it    The  directors  of  this  railway  invited  engineers  to  compete 
for  a  prize  given  for  the  best  engine  ;  and  this  trial,  which  came  off 
in  1830,  resulted  in  the  prize  being  awarded  to  Robert  Stephenson, 
the  son  of  George   Stephenson.      The  engine  with   which  this 
success  was  achieved  was  called  the  '  Rocket,'  and  both  it  and  the 
engine  of  the  *  Comet,'  the  first  British  steamer  which  continued  to 
ply  for  hire,  may  be  seen  at  the  patent  museum  in  South  Kensing- 
ton.   A  correct  representation  of  the  engine  of  the  *  Rocket '  in 
its  original   state   is  given  in  fig.  64.      As  now  shown  at  South 
Kensington  it  is  not  in  its  original  form,  but  embodies  changes 
subsequently  introduced. 

Q,  With  whom  did  the  introduction  of  small  tubes  for  the 
transmission  of  the  smoke  originate? 

A.  With  M.  Seguin,  a  French  engineer.  Mr.  Henry  Booth, 
the  original  secretary  of  the  Liverpool  and  Manchester  Railway, 
recommended  the  system  to  the  attention  of  Robert  Stephenson, 
who  adopted  it 

Q,  Was  the  boiler  of  the  *  Rocket,*  as  originally  constructed, 
filled  with  a  blast  pipe  in  the  chimney? 

A.  No ;  and  as  a  consequence  the  draught  through  the  furnace 
was  very  defective,  and  the  generation  of*  steam  insufficient.     One 
of  the  other  competing  engines,  however,  was  furnished  with  a 
bl;»st  pipe,  which  had  been  applied  under  the  direction  of  Golds- 
worthy  Gumey,  who  had  assisted  Trevithick  in  his  early  trials, 
and  who,  about  1830,  had  been  endeavouring  to  establish  steam 
coaches  upon  common  roads.     Trevithick  had  accidentally  found 
that,  by  projecting  the  educted  steam  up  the  chimney,  the  activity 
of  the  fire  was  much  increased  ;  and  by  the  use  of  this  expedient, 
the  locomotive  fitted  with  it  acquired  a  manifest  advantage  over 
its  competitors.     This  was  made  clear  by  the  preliminary  trials  of 
the  several  competing  engines  before  the  public  trial  was  m:ide  ; 
and  the  night  before  the  public  trial  Stephenson  had  the  *  Rocket' 
altered  so  as  to  project  the  educted  steam  up  the  chimney,  as  was 
done  in  Gumc/s  arrangement     This  at  once  remedied  the  de- 
fective draught,  and  made  the  boiler  an  eminent  success.     The 
steam  jet  was  afterwards  applied  by  Gumey  for  the  ventilation  of 
mines  and  public  buildings,  and  for  such  purposes  is  still  largely 
employed. 
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Q.  \Miat  other  engines  were  introduced  at  this  time  ? 

A,  There  was  a  very  elegant  engine  by  Ericsson,  and  a  very 
well-designed  engine  by  Mr.  Kennedy,  who  had  now  joined  Edward 
Bur)%  of  Liverpool,  as  a  manufacturer  of  steam  engines.  Mr- 
Kennedy's  engine  is  represented  in  fig.  65.  But  this  engine  was 
xM>t  a  competitor  at  the  trial  of  locomotives.  It  had  horizontal 
qrlinders,  cranked  axles,  and  inside  Naming,  and  it  was  set  to 
work  on  the  Liverpool  and  Manchester  Railway  on  July  22,  183a 
An  example  of  Bur/s  locomotive,  as  made  about  1840,  is  given  in 
fig.  66. 

Q.  Had  Ericsson's  locomotives  small  tubes  and  a  steam  jet  ? 

A,  No ;  the  air  was  blown  into  the  furnace,  and  the  products  of 
combustion  were  conducted  through  a  diminishing  copper  tube 
until  they  entered  the  chimney. 

Q.  Will  yoa  describe  the  more  important  features  of  the 
ordinary  locomotive  engine  ? 

A.  The  locomotive,  as  usually  constructed  to  draw  carriages 
upon  railways,  consists  of  a  cylindrical  boiler  filled  with  brass 
tabes,  throu^  which  the  hot  air  passes  on  its  progress  from  the 
fbmace  to  the  chimney  ;  and  attached  to  the  boiler  are  two  hori- 
zontal cylinders  fitted  with  pistons,  valves,  connecting  rods,  and 
other  necessary  apparatus  to  enable  the  power  exerted  by  the 
pislaiis  to  turn  round  the  cranked  axle  to  which  the  driving  wheels 
art  attached.  There  are,  therefore,  two  independent  engines  en- 
tering into  the  composition  of  a  locomotive,  the  cranks  of  which 
are  set  at  right  angles  with  one  another,  so  that  when  one  crank  is 
at  its  dead  point,  the  other  crank  is  in  a  position  to  act  with  its 
maximom  efficacy.  The  driving  wheels,  which  are  fixed  on  the 
crank  shaft  and  turn  round  with  it,  propel  the  locomotive  foruard 
00  the  raib  by  the  mere  adhesion  of  friction,  and  this  is  found 
sufficient,  not  merely  to  move  the  locomotive,  but  to  draw  a  long 
train  of  carriages  behind  it. 

Q,  Are  locomotive  engines  condensing  or  high-pressure  engines? 

A.  They  are  invariably  high-  pressure  engines,  as  it  would  be 
impossible,  or  at  least  highly  inconvenient,  to  carry  the  water 
necessary  for  the  purpose  of  condensation.  The  steam,  therefore, 
after  it  has  urged  the  piston  to  the  end  of  the  stroke,  escapes  into 
the  atmosphere.  In  locomotive  engines  the  waste  steam  is  always 
discJiarged  into  the  chimney  through  a  vertical  pipe,  and  by  its 
rapid  passage  it  greatly  increases  the  intensity  of  the  draught  in 
the  chinmey,  whereby  a  smaller  fire-grate  suffices  for  the  combus- 
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tkin  of  the  fuel,  and  the  evaporative  power  of  the  boiler  is  much 
increased. 


Q.  Can  you  give  an  example  of  a  locomotive  engine  of  the  usual 
farm,  as  constructed  about  this  time  ? 
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stmcted  in  1836.  a  is  the  cylinder,  b  the  connecting  rod,  ^  the 
crank,  rf  the  eccentric  by  which  the  slide  valve  is  moved;  eee  is 
die  steam  pipe  by  which  the  steam  is  conducted  from  the  steam 
dome  of  the  boiler  to  the  cylinder.  Near  the  furnace  end  of  this 
pipe  is  a  valve  or  regulator  moved  by  a  handle  at  the  front  of  the 
boiler,  and  of  which  the  purpose  is  to  regulate  the  admission  of  the 
steam  to  the  cylinder  ;  //"are  safety  valves  kept  closed  by  springs  ; 
^ii  the  eduction  pipe,  or,  as  it  is  commonly  termed  in  locomotives, 
the  Host  pipe,  by  which  the  steam,  escaping  from  the  cylinder  after 
the  stroke  has  been  performed,  is  projected  up  the  chimney  H. 
The  water  in  the  boiler  of  course  covers  the  tubes,  and  also  the 
lop  of  the  furnace  or  fire-box.  The  position  of  the  water  surface 
ii  shown  by  a.  dotted  line.  It  will  be  understood  thut  there  are 
two  engines  in  each  locomotive,  though,  from  the  (igure  being 
given  in  section,  only  one  engine  can  be  shown.  The  cylinders  of 
this  engine  are  each  12  inches  diameter ;  the  length  of  the  stroke 
of  the  piston  is  iS  inches,  and  the  diameter  of  the  driving  wheel  is 
Sfcet 

Q.  What  is  the  tender  of  a  locomotive  ? 

/t.  it  is  a  carri^e  attached  to  the  locomotive,  of  which  the 
ptirpose  is  to  contain  coal  for  feeding  the  furnace,  and  water  for 
Rplenisfaing  the  boiler. 

Q.  Cam  you  give  examples  of  more  modem  locomotives,  and  of 
greater  power? 

A.  The  most  recent  locomotives  resemble  in  their  material 
features  the  locomotive  represented  in  fig.  67.  Fig.  68  represents 
Cooch's  express  engine, 
adapted  for  the  wide 
gauge  of  the  Great 
Western  Railway  ;  and 
Fig.  69  represents 
Crainpton's  express  en- 
gine, adapted  to  the 
ordinaiy  or  narrow 
gauge  railways.  The 
cylinders  of  Goocb's 
engine  are  each  18 
inches     diameter,    and  ■■".w,— .... 

24  inches  stroke  ;  the  driving  wheels  are  S  feet  in  diameter  ;  the 
fire-grate  contains  21  square  feet  of  area  ;  and  the  heating  surface 
of  the  fire-box  is  1 53  square  feeL     There  are  in  all  305  tubes  in  the 
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boiler,  each  of  2  inches  diameter,  giving  a  heating  surface  in 
tubes  of  1,799  square  feet.  The  total  healing  surface,  ihereforc,  is 
1,952  square  feet.  An  engine  of  this  class  will  evaporate  fronn  300 
to  360  cubic  feet  of 
water  in  the  hour,  and 
will  convey  a  load  of 
236  Ions  at  a  speed  of 


3  miles 


Tig.  69. 


load  of  igi   tons  at  a 

speed  of  60  miles  an 
hcur.  The  weight  of 
this  engine  empty  is 
31  tons;  of  the  lender 
8i  tons  ;  and  the  total 
weight  of  the  engine  when  loaded  is  50  tons.  In  Crampton's  loco- 
motive, the  '  Liverpool,'  ihe  cylinders  were  of  24  inches  diameter 
and  18  inches  stroke;  the  driving  wheels  were 8  feet  in  diameter;  the 
fire-grate  contained  21^  square  feet  of  area,  and  the  heating  surface 
of  the  fire-box  1 54  square  feel.  There  were  in  all  300  tubes  in  the 
boiler  of  2 j'g  inches  external  diameter,  giving  a  surface  in  the  lubes 
of  z,  136  square  feet,  and  a  total  heating  surface  of  2,290  square  feet. 
The  weight  of  this  engine  is  stated  to  be  35  tons,  when  ready  to 
proceed  on  a  Journey.  Both  engines  were  displayed  ai  the  Great 
Exhibition  in  1851,  as  examples  of  the  most  powerful  locomotive 
engines  then  made.  But  Crampton's  engines  have  never  come 
into  use  in  this  country.  The  weight  of  such  engines  is  very 
injurious  to  the  railway— bending,  crushing,  and  disturbing  the 
rails,  and  trying  vcri'  severely  the  whole  of  the  railway  works.  No 
doubt  the  weight  might  be  distributed  upon  a  greater  number  of 
wheels ;  but  if  the  weight  resting  on  the  dri\'ing  wheels  be  much 
reduced,  they  will  not  have  sufficient  bite  upon  the  rails  to 
propel  the  train  without  slipping.  This,  however,  is  only  one  of 
the  evils  which  the  demand  for  high  rates  of  speed  has  produced. 
The  width  of  the  railway,  or,  as  it  is  termed,  the  gauge  of  the  r;  ' 
being  in  most  of  the  railways  in  this  kingdom  limited  to  4  ft 
8)  inches,  a  corresponding  limitation  is  imposed  on  the  diamd 
of  the  boiler,  which  in  its  turn  restricts  the  number  of  the  t 
which  can  be  employed.  As,  however,  the  attainment  of  a  I 
rale  of  speed  requires  much  power,  and  consequently  much  h 
surface  in  the  boiler,  and  as  the  number  of  lubes  cannot 
creased  without  reducing  their  diameter,  it  has  become  nccessa 
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in  the  case  of  powerful  engines,  to  employ  tubes  of  a  small  dia- 
meter and  of  a  great  length,  to  obtain  the  necessary  quantity  of 
heating  surface  ;  and  such  tubes  require  a  very  strong  draught  in 
the  chimney  to  make  them  eflfective.     With  a  draught  of  the  usual 
intensity,  the  whole  of  the  heat  will  be  absorbed  in  the  portion  of 
the  tube  nearest  the  fire-box,  leaving  that   portion   nearest  the 
smoke-box  nothing  to  do  but  to  transmit  the  smoke  ;  and  with 
long  tubes  of  small  diameter,  therefore,  a  very  strong  draught  is 
indispensable.     In  the  London  Exhibition   of  1862,  and   in  the 
Paris  Exhibition  of  1867,  many  locomotives  of  great  power  were 
shown.     But  most  of  the  heavy  engines  there  exhibited  were  mere 
monstrosities,  and  their  use  has  not  been  persisted  in.     Steel  rails 
are  now  being  introduced  universally  on  railways.     The  tires  of 
railway  wheels  are  now  made  of  steel  rolled  out  without  a  weld  ; 
and  coal  is  employed  instead  of  coke  to  generate  the  steam.     In 
America  petroleum  is  generally  used  for  lubrication,  and  it  should 
be  fed  into  the  cylinders  by  self-acting  means   to   lubricate  the 
pistons  and  valves. 

LOCOMOTIVES  AT  THE  PARIS   EXHIBITION. 

Q.  Will  you  give  some  particulars  of  the  locomotives  brought 
together  for  exhibition  at  Paris  in  1867 1 

A.  Of  these  engines  the  best  were  the  English,  the  next  best 
were  the  Belgian,  then  came  the  German,  and  last  of  all  the 
French.  The  best  examples  of  engines  exhibited  were  Stephenson's 
passenger  engine,  and  Kitson's  goods  engine  for  the  Belgian  rail- 
ways.   These  engines  are  shown  in  figs.  70  and  71. 

Q.  What  are  the  chief  dimensions  of  Stephenson's  engine  t 

A.  Length  of  grate,  4  feet ;  width  of  grate,  3  feet  5*61  inches  ; 
total  grate  surface,  13}  square  feet ;  height  of  crown  of  fire  box  above 
fire-bars,  4  feet  io'8  inches ;  capacity  of  fire-box,  69  cubic  feet ; 
number  of  tubes,  161 ;  length  of  tubes  between  tube-plates,  1 1  feet  4 
inches ;  external  diameter  of  tubes,  2  inches ;  thickness  of  tubes,  *o8 
to  -13  inches ;  heating  surface  of  tubes,  960  square  feet ;  heating 
sur&ce  of  fire-box,  83  square  feet ;  total  heating  surface,  i  ,043  square 
feet;  mean  diameter  of  body  of  boiler,  4  feet;  thickness  of  plate, 
'47  inch  ;  working  pressure  permitted,  \2\  atmospheres  ;  cubic  feet 
of  water  contained  in  boiler  (3  inches  over  crown  of  fire-box), 
88-6  cubic  feet ;  amount  of  steam  space  in  boiler,  50  cubic  feet  ; 
lei^h  of  smoke-box,  2  feet  8^  inches  ;  width  of  smoke-box,  3  feet 
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II  inches;  internal  diameter  of  funnel,  14}  inches  :  diametci 
cylinders,  1 6  inches  ;  stroke,  11  inches  ;  number  of  wheels,  6  ;  t 
meter  of  driving  wheels,  6J  feet ;  total  weight  of  locomoiivc,  emj 
27  Ions  9  cwt. ;  total  weight,  working,  30  tons  9  cwl  ;  tractive  foi 


^ g 


counting  ^5  pCT  cent,  as  effective,  3  tons  1(1)  cwt.  :  wci^ 
driving  wheels,  t3  tons  14  cwi. ;  weight  on  leading  wheels,  91J 
1 3  cwt.  :  weight  on  trailing  wheels,  7  tons  2  cwt. ;  adhesion  at 
sixth,  2  ions  5j  twt. 


Kilson's  Goods  Locomotive,  1 867. 
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9-  What  arc  the  pankulars  of  Kilson's  goods  engine,  to  which 
ha\-e  referred  ? 

A.  The  engine  is  similar  to  Stephenson's,  ihc  main  difference 
n%  in  the  wheels,  which  are  of  smaller  diameter,  and  the  six 


Web  are  coopled  to  give  a  greater  grip  of  the  rails.  The  length 
firebox  inside  is  5  feci  10  inches  ;  width  of  lire-box,  3  feet  7J 
be*;  fire-grate  aiea,  19-5  square  feet ;  fire-box  healing  surface, 
?  feet;  tube  surface,  i,ijo  square  feet;  length  of  lubes 
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between  pUtes,  12  feel  aj  inches  ;  number  of  tubes,  300 ;  exte 
diameter,  2  inches  ;  diameter  of  barrel  of  boiler,  4  feet  6  incl 
working  pressure,  116  lbs.;  diameter  of  c>'linders,  175  ind 


Ainerican  Locomotive. 

\  weifthton  each  pair  of  driving  wheels,  12  tons;  total  we 
31 '5  ions;  adhesion  at  one-sixth,  6  tons. 
'.  What  other  locomotives  were  there  deserving  attention 


A.  TTicrc  was  a  locomotive  consirucied  by  Messrs,  Hawthorn 
fer  ilic  Glaigow  and  South  Western  Railway,  an  American  loco- 
Dvitiiir,  and  A  locomoli%'e  for  the   Copiapo  Kailuay,  intended  10 


]\'ood-btntiing  Locomotive. 


burn  »'0(id,  anrl  fitted  with  a  spark-catcher.  These  engines  «n- 
represented  in  figs.  71,  7J,  and  74.  In  fig.  70  the  diamcWr  of 
cylinder  is  16  inches  ;  Icngthof  stroke,  ;2  inches:  area  of  fire-grate. 


.1 


I3'33  square  feet  ;  heating  surface  of  boiler,  9J0  square  feci ;  sec- 
tional arcii  through  tube  ferrules,  t'^86  sifuarc  feet.  The  tubes  iw^ 
brass,  of  I     wire  S^UR^  ^'^^  '4  "'f^  gauge  "'  smnkc-box,  and  fixed 
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with  steel  ferrules  at  fire-box  end  only  ;  barrel  of  boiler,  4  feet  dia- 
meter ;  and  thickness  of  plate,  ~  inch. 

(2-  What  were   the  chief  dimensions  of  the  American   loco- 
motive ? 

A.  This  engine  had  the  cylinders  outside  the  framing.  Dia- 
meter of  cylinders,  16  inches  ;  length  of  stroke,  12  inches  ;  number 
of  tubes,  142  ;  diameter  of  tubes,  2  inches  ;  length  of  tubes,  10  feet 
n  inches  ;  total  weight  of  engine,  27^  tons  ;  total  heating  surface, 
9)0  square  feet ;  total  grate  surface,  16  square  feet  ;  outside  dia- 
meter of  barrel,  4  feet ;  diameter  of  driving  wheels,  5  feet  7  inches. 
The  front  part  of  the  engine  rests  upon  a  short  swivelling  carriage, 
or  bogie,  and  the  four  wheels  which  bear  the  chief  part  of  the 
weight  are  coupled. 

y.  What  arc  the  particulars  of  the  engine  for  the  Copiapo 
Railway  ? 

A.  This  engine  is  a  goods  engine,  with  outside  cylinders,  con- 
structed by  Messrs.  Hauthom  on  the  American  model,  with  6 
coupled  driving  wheels  and  a  bogie.  Cylinders,  16  inches  diameter, 
and  24  inches  stroke  ;  area  of  fire-grate,  1577  square  feet  ;  area  of 
heating  sur^ice,  1,102  square  feet ;  tubes  of  brass  fixed  in  with 
ferrules  to  every  tube  at  fire-box  end,  and  to  ever>'  sixth  tube  at 
smoke-box  end  ;  barrel  of  boiler,  4  feet  2  inches  diameter.  The 
sparic-catchcr  consists  of  an  inverted  basin,  which  deflects  the 
sparks  downwards  into  a  conical  casing,  while  the  smoke  passes 
away  without  obstruction,  the  momentum  of  the  sparks  carr)ing 
them  dom-nwards,  and  so  separating  them  from  the  smoke. 

(2-  W'hat  arc  the  comparative  merits  of  outside  and  inside 
cylinders  } 

A.  Outside  cylinders  superseded  the  necessity  of  employing 

cranked  axles,  which  were  long  a  source  of  trouble  and  weakness 

in  locomotives.     They  also  made  the  essential  parts  of  the  engine 

niore  accessible,  and  simplified  its   structure   in   some   respects. 

But  whereas  inside  cylinders,  being  set  in  the  smoke-box,  were 

kept  always  hot  by  the  passing  smoke  and  red  hot  cinders,  outside 

cylinders  were  without  any  such  aid  to  the  maintenance  of  their 

temperature,  and  were  consequently  more  wasteful  in  fuel.     The 

action  of  the  steam  in  the  two  classes  of  engines  was  first  distinctly 

traced  by  Mr.  D.  K.  Clark,  and  published  in  his  valuable  work  on 

Railway  Machinery  about  1850. 

Q.  What  did  Mr.  D.  K.  Clark  ascertain  .^ 

A,  He  found  that  the  steam  at  its  first  entnince  into  a  cold 
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cylinder  was  condensed,  and  that  this  action  of  the  refrigerating 
surfaces  continued  until  they  became  as  hot  as  the  steam.  There 
thence  followed  heated  surfaces,  and  water  resulting  from  the 
condensation  of  the  steam  by  which  the  surfaces  had  been  heated 
'Wlien  the  eduction  passage  was  opened  the  steam  escaped,  and 
the  water  left  within  the  cylinder  was  re-evaporated  by  the  heated 
surfaces  and  escaped  also  as  steam.  But  the  act  of  re-evaporation 
again  cooled  the  surfaces,  and  caused  them  to  again  condense  a 
portion  of  the  steam  which  entered  at  the  next  stroke.  This  action 
became  more  pernicious  the  higher  the  rate  of  expansion  that 
was  used ;  and  in  railway  lines  using  outside  cylinders,  the  drivers 
did  not  find  any  advantage  in  cutting  off  the  steam  sooner  than 
two-thirds  of  the  stroke,  leaving  one-third  to  be  accomplished  by 
expansion.  No  doubt  the  evil  is  less  pronounced  in  locomotives 
than  in  ordinary  land  engines  of  the  old  type,  from  the  high  speed 
at  which  locomotives  are  worked,  and  which  docs  not  give  time  for 
the  heating  and  cooling  to  be  carried  on  to  the  same  extent. 

Q,  The  evil  seems  to  be  analogous,  though  less  in  degree,  to 
that  existing  in  the  Newcomen  engine,  where  the  cylinder  was 
alternately  heated  by  the  steam  and  cooled  by  the  injection  ? 

A,  Yes ;  and  the  alleviation  is  to  be  found  in  the  same  ex- 
pedient of  introducing  a  little  air  into  the  steam  before  it  enters 
the  cylinder,  which  will  hinder  the  naked  contact  of  the  steam  b)' 
clothing  the  internal  surfaces  with  a  film  of  air. 
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CHAPTER   II. 

POWER  AND  PERFORMANCE  OF  ENGINES  AND 

BOILERS, 

HORSES-POWER. 

Q.  You  have  already  stated  that  a  horse-power  is  33,ocx)  lbs. 
raised  one  foot  high  in  the  minute.  Why  was  this  standard 
adopted? 

A.  This  standard  was  adopted  by  Mr.  Watt  as  the  average 
force  exerted  by  the  strongest  London  horses,  to  enable  him  to 
determine  the  relation  between  the  power  of  a  certain  size  of  engine 
and  the  power  of  a  horse,  so  that  when  it  was  desired  to  supersede 
the  use  of  horses  by  the  erection  of  an  engine,  he  might,  from  the 
number  of  horses  employed,  determine  the  size  of  engine  that 
vould  be  suitable  for  the  work. 

Q.  Then,  when  we  talk  of  an  engine  of  200  horse-power,  it  is 
meant  that  the  impelling  efficacy  is  equal  to  that  of  200  horses, 
each  lifting  33,000  lbs.  one  foot  high  in  a  minute  } 

A.  No,  not  necessarily.  Such  was  the  case  in  Watt's  engines, 
but  the  pressure  of  the  steam  upon  the  piston  has  been  increased 
since  his  time,  so  that  what  is  called  a  200  horse- power  engine  by 
his  standard  of  size  exerts,  almost  in  every  case,  a  greater  power 
than  was  exerted  in  Watt's  time,  and  a  horse  power,  in  the  popular 
sense  of  the  term,  became  a  mere  conventional  unit  for  expressing 
a  certain  size  of  engine  without  reference  to  the  power  exerted. 

Q.  Then  each  nominal  horse-power  of  a  modem  engine  may 
raise  much  more  than  33,000  lbs.  one  foot  high  in  a  minute  ? 

A,  Yes ;  scHne  raise  52,000  lbs.,  others  60,000  lbs.,  and  others 
66,000  lbs.,  one  foot  high  in  the  minute  by  each  nominal  horse- 
power. Some  engines  indeed  work  as  high  as  eight  times  above 
the  nominal  pow^er,  and  therefore  no  comparison  can  be  made 
between  the  performances  of  different  engines,  unless  the  power 
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actually  exerted  be  first  discovered.  There  were  therefore  two 
standards  :  the  actual  power  exerted,  and  the  nominal  power. 
This  last  was  a  mere  expression  of  size,  and  so  much  confusion  was 
introduced  that  nominal  power  is  now  being  discarded. 

j2.  How  is  the  power  actually  exerted  by  engines  ascertained? 

A.  By  means  of  an  instrument  called  the  indicator,  which  is  a 
miniature  c>  linder  and  piston  attached  to  the  c>'linder  cover  of  the 
main  engine,  and  which  indicates,  by  the  pressure  exerted  on  a 
spring,  the  amount  of  pressure  or  vacuum  per  square  inch  existing 
within  the  cylinder.  Multiply  the  area  of  the  piston  in  square 
inches  by  this  pressure,  and  by  the  motion  of  the  piston,  in  feet 
per  minute,  and  divide  by  33,000 ;  the  quotient  is  the  actual 
number  of  horses  power  of  the  engine. 

Q,  How  is  the  nominal  power  of  an  engine  ascertained  ? 

A,  Since  the  nominal  power  is  a  mere  conventional  expression, 
it  is  clear  that  it  must  be  determined  by  a  merely  conventional 
process.  The  nominal  power  of  ordinary  condensing  engines  may 
be  ascertained  by  the  following  rule :  Multiply  the  square  of  the 
diameter  of  the  cylinder  in  inches  by  the  velocity  of  the  piston  in 
feet  per  minute,  and  divide  the  product  by  6,000  ;  the  quotient  is 
the  number  of  nominal  horses  power.  In  using  this  rule,  howe\-er, 
it  is  necessar)'  to  adopt  the  speed  of  piston  prescribed  by  Mr.  Watt, 
which  varies  with  the  length  of  the  stroke.  The  speed  of  piston 
with  a  2  feet  stroke  is,  according  to  his  system,  160  ft  per  minute  : 
with  a  2  feet  6  inch  stroke,  170 ;  3  feet,  180  ;  3  feet  6  inches,  189; 
4  feet,  200  ;  5  feet,  215  ;  6  feet,  228  ;  7  feet,  245  ;  8  feet,  256  ft. 

Q,  Does  not  the  speed  of  the  piston  increase  with  the  length  of 
the  stroke  ? 

A,  It  does  :  the  speed  of  the  piston,  according  to  Watt's 
standard,  varies  nearly  as  the  cube  root  of  the  length  of  the  stroke. 

Q,  And  may  not,  therefore,  some  multiple  of  the  cube  root  of 
the  length  of  the  stroke  be  substituted  for  the  velocity  of  the  piston 
in  determining  the  nominal  power  .^ 

A,  The  substitution  is  quite  practicable,  and  will  accomplish 
some  simplification,  as  the  speed  of  piston  proper  for  the  different 
lengths  of  stroke  cannot  always  be  remembered.  The  rule  for 
the  nominal  power  of  condensing  engines  when  thus  considered 
will  be  as  follows  :  Multiply  the  square  of  the  diameter  of  the  c>'lin- 
der  in  inches  by  the  cube  root  of  the  stroke  in  feet,  and  divide 
the  product  by  47  ;  the  quotient  is  the  number  of  nominal  horses 
power  of  the  engine,  supposing  it  to  be  of  tlie  ordinar)-  condensing 
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description.  This  rule  assumes  the  existence  of  a  uniform  effective 
pressure  upon  the  piston  of  7  lbs.  per  square  inch.  Mr.  Watt  esti- 
mated the  effective  pressure  upon  the  piston  of  his  4  horse-power 
engines  at  6*8  lbs.  per  square  inch,  and  the  pressure  increased  slightly 
*nih  the  power,  and  became  6'94  lbs.  per  square  inch  in  engines  of 
100  horse-power ;  but  it  appears  to  be  more  convenient  to  take  a 
uniform  pressure  of  7  lbs.  for  all  powers.  Small  engines,  indeed,  are 
somewhat  less  effective  in  proportion  than  larjjc  ones,  but  the  differ- 
ence can  be  made  up  by  slightly  increasing  the  pressure  in  the  boiler ; 
and  small  boilers  will  bear  such  an  increase  without  inconvenience. 

2-  How  do  you  ascertain  the  power  of  high- pressure  engines  ? 

A.  The  actual  power  is  readily  ascertained  by  the  indicator,  by 
the  same  process  as  that  by  which  the  actual  power  of  low-pressure 
engines  is  ascertained. 

O.  But  how  do  you  ascertain  the  nominal  horse-power  of  high- 
pressure  engines  t 

A,  The  nominal  horse-power  of  a  high-pressure  engine  has 
never  been  defined,  and  it  is  better  that  it  should  not  be,  as  to  do 
this  would  only  be  to  multiply  confusion.  The  speed  of  Watt's 
engine  n-as  about  128  times  the  cube  root  of  the  stroke. 

Q,  Is  128  times  the  cube  root  of  the  stroke  in  feet  per  minute 
the  ordinary  speed  of  all  engines  } 

A.  Locomotive  engines  travel  at  a  far  quicker  speed — an  inno- 
vation brought  about  not  by  any  process  ot  scientific  deduction 
but  by  the  accidents  and  exigencies  of  railway  transit.  Most  land 
condensing  engines,  however,  travel  at  about  the  speed  of  128  times 
the  cube  root  of  the  stroke  in  feet ;  but  many  marine  condensing 
engines  of  recent  construction  travel  at  as  high  a  rate  as  700  feet 
per  minute.  To  mitigate  the  shock  of  the  air  pump  valves  in 
cases  in  which  a  high  speed  has  been  desirable,  as  in  the  case  of 
tnarine  engines  employed  to  drive  the  screw  propeller  without 
intermediate  gearing,  india-rubber  discs,  resting  on  a  perforated 
metal  plate,  are  now  generally  adopted  ;  but  the  india-rubber 
shoukl  be  very  thick,  and  the  guards  employed  to  keep  the  discs 
down  should  be  of  the  same  diameter  as  the  discs  themselves,  and 
should  permit  but  little  lift. 

Q.  Can  you  suggest  any  eligible  method  of  enabling  condensing 
eni^nes  to  work  satisfactorily  at  a  high  rate  of  speed  ? 

A,  One  most  effective  way  of  enabling  condensing  or  other 
engines  to  work  satisfactorily  at  a  high  speed,  lies  in  the  applica- 
tion of  balance  weights  to  the  engine,  so  as  to  balance  the  momen- 
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turn  of  its  moving  parts,  and  the  engine  must  also  be  made  very 
strong  and  rigid.  In  the  case  of  engines  condensing  by  jet,  it 
appears  to  be  advisable  to  perform  the  condensation  partly  in  the 
air  pump,  instead  of  altogether  in  the  condenser,  as  a  better  vacuum 
and  a  superior  action  of  the  air-pump  valves  will  thus  be  obtained. 
Engines  constructed  upon  this  plan  may  be  driven  at  four  times 
the  speed  of  common  engines,  whereby  an  engine  of  large  power 
may  be  purchased  for  a  very  moderate  price,  and  be  capable  of  being 
put  into  a  very  small  compass ;  while  the  motion,  from  being  more 
equable,  will  be  better  adapted  for  most  purposes  for  which  a  rotary 
motion  is  required. 

Q.  Then,  if  by  this  modification  of  the  engine  you  enable  it  to 
work  at  four  times  the  speed,  you  also  enable  it  to  exert  four  times 
the  power  ? 

A.  Yes  ;  always  supposing  it  to  be  fully  supplied  with  steanu 

Q,  The  high  speed  engine  does  not  require  so  heavy  a  fly  wheel 
as  common  engines  } 

A,  No  ;  the  fly  wheel  will  be  lighter,  both  by  virtue  of  its  greater 
velocity  of  rotation,  and  because  the  impulse  communicated  by  the 
piston  is  less  in  amount  and  more  frequently  repeated,  so  as  to 
approach  more  nearly  to  the  condition  of  a  uniform  pressure. 

Q,  Can  nominal  be  transfonned  into  actual  horse-power  ? 

A,  No  ;  that  is  not  possible  in  the  case  of  common  condensing 
engines.  The  actual  power  exerted  by  <an  engine  cannot  be  deduced 
from  its  nominal  power,  neither  can  the  nominal  power  be  deduced 
from  the  power  actually  exerted,  or  from  anything  else  than  the 
dimensions  of  the  cylinder.  The  actual  horse-power  being  a  dy- 
namical unit,  and  the  nominal  horse-power  a  measure  of  capacity 
of  the  cylinder,  .ire  obviously  incomparable  things. 

Q.  That  is,  the  nominal  power  is  a  commercial  unit  by  which 
engines  were  bought  and  sold,  and  the  actual  power  a  scientific 
unit  by  which  the  quality  of  their  performance  was  determined  ? 

A.  Yes  ;  the  nominal  power  is  as  much  a  commercial  measure 
as  a  yard  or  a  bushel,  and  is  not  a  thing  to  be  ascertained  by  any 
process  of  science,  but  to  be  fixed  by  authority  in  the  same  manner 
as  other  measures.  The  actual  power,  on  the  contrary,  is  a 
mechanical  force  or  dynamical  effort  capable  of  raising  a  gix'en 
weight  through  a  given  distance  in  a  given  time,  and  of  which  the 
amount  is  ascertainable  by  scientific  investigation.  But  nominal 
power,  even  as  a  commercial  standard,  is  dying  out,  and  need  not 
now  be  held  as  of  much  account 
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Q.  Is  there  any  other  measure  of  an  actual  horse-power  than 
33,000  lbs.  raised  one  foot  high  in  the  minute  ? 

A,  There  cannot  be  any  different  measure,  but  there  are  several 

equivalent  measures.   Thus  the  evaporation  of  a  cubic  foot  of  water 

in  the  hour,  or  the  expenditure  of  ^^  cubic  feet  of  low-pressure  steam 

per  minute,  was  reckoned  equivalent  to  an  actual  horse-power  in 

Watt's  engines,  though  in  modem  engines  the  evaporation  of  a  cubic 

foot  of  water  in  the  hour  will  generate  three  times  that  power.    528 

cubic  feet  of  water  raised  one  foot  high  in  the  minute  involves  the 

same  result. 
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Q.  What  is  meant  by  the  duty  of  an  engine .' 

A,  The  work  done  in  relation  to  the  fuel  consumed. 

Q.  And  how  is  the  duty  ascertained  ? 

A.  \n  ordinary  mill  or  marine  engines  it  can  only  be  ascertained 
by  the  indicator  or  dynamometer,  as  the  load  upon  such  engines  is 
^^ble,  and  cannot  readily  be  determined;  but  in  the  case  of  engines 
for  pumping  water,  where  the  load  is  constant,  the  number  of 
strokes  performed  by  the  engine  will  represent  the  work  done,  and 
the  amount  of  work  done  by  a  given  quantity  of  coal  represents 
thedut)-.  In  Cornwall  the  duty  of  an  engine  is  expressed  by  the 
somber  of  milions  of  pounds  raised  one  foot  high  by  a  bushel,  or 
94  lbs.  of  Welsh  coaL  A  bushel  of  Newcastle  coal  will  only  weigh 
H  lbs. ;  and  in  comparing  the  duty  of  a  Cornish  engine  with  the 
performance  of  an  engine  in  some  locality  where  a  different  kind  of 
coal  is  used,  it  is  necessary  to  pay  regard  to  such  variations. 

Q.  Can  you  tell  the  duty  of  an  engine  when  you  know  its  con- 
sumption of  coal  per  horse-power  per  hour  ? 

A.  Yes,  if  the  power  given  be  the  actual,  and  not  the  nominal, 
power.  Di\nde  166*32  by  the  number  of  pounds  of  coal  consumed 
per  actual  horse-power  per  hour ;  the  quotient  is  the  duty  in  millions 
of  pounds.  If  you  already  have  the  duty  in  millions  of  pounds,  and 
wish  to  know  the  equivalent  consumption  in  pounds  per  actual 
borse-power  per  hour,  divide  166*32  by  the  duty  in  millions  of 
pounds  :  the  quotient  is  the  consumption  per  actual  horse-power 
per  hour.  The  dut>'  of  a  locomotive  engine  is  expressed  by  the 
weight  of  fuel  it  consimies  m  transporting  a  ton  through  the  distance 
of  one  mile  upon  a  railway  ;  but  this  is  a  very  imperfect  method 
of  representing  the  duty,  as  the  tractive  efficacy  of  a  pound  of  fuel 
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l)ecomes  les5  as  the  speed  of  the  locomotive  becomes  greaicr  ;  and 
the  law  of  variation  is  not  accurately  known. 

Q.  \Vhat  amounl  of  power  is  generated  in  good  engines  of  the 
ordinary  kind  by  a  g'icen  weight  of  coal  ? 

A.  The  duty  of  different  kinds  of  engines  varies  very  much,  and 
there  are  also  great  differences  in  the  perforroance  of  different 
engines  of  the  same  class.  In  ordinary  rotative  condensing  engines 
of  good  construction  lo  lbs.  of  coal  per  nominal  horse-power  per 
hour  was  long  a  common  consumption  ;  but  such  engines  exert 
nearly  twice  their  nominal  power,  so  that  the  consumption  per 
actual  horse-power  per  hour  would  be  5  to  6  lbs.  Engines  working 
very  expansively,  howe\'er,  attain  an  economy  much  superior  to 
this.  The  average  duty  of  the  pumping  engines  in  Cornwall  was 
long  about  60,000,000  lbs.  raised  1  ft.  high  by  a  bushel  of  Welsh 
roals,  wiiich  weighs  94  lbs.  This  is  equivalent  10  a  consumption 
of  3'i  lbs.  of  coal  per  actual  horse-power  per  hour;  but  some 
engines  reached  a  duly  of  above  100.000,000,  or  174  lbs.  of  coal 
per  actual  horsc-power  per  hour.  Marine  engines  now  work  « 
a  consumption  as  small  as  this.  Locomotives  consume  I  mm  8  t< 
lbs.  of  fuel  in  ei  aporating  a  cubic  font  of  water. 

Q.  But  is  not  the  evaporative  power  of  locomotive*  affeC 
materially  by  the  proportions  of  the  boiler? 

A.  Vcs,  and  this  may  be  said  of  all  boilers  ;  but  in  locomot 
boilers,  perhaps,  the  effect  of  any  misproportion  becomes  r 
speedily  manifest,  .\  high  temperature  of  ihe  lire-box  is  found] 
be  conducive  to  economy  of  fuel  ;  and  this  condili 
involves  a  small  area  of  grate-bars.  The  heating  surface  of  h 
motive  boilers  should  be  about  80  square  feet  for  each  square  foot 
of  grate-bars,  and  upon  each  fool  of  grate-bars  about  1  cwt,  of  fuel 
should  be  burnt  in  the  hour. 

O.  Probably  the  heat  is  more  ra'pidly  absorbed  ivhen  the  tem- 
perature of  the  furnace  is  high  ? 

A.  That  seems  lo  be  the  e^tplanation.  The  rapidity  with  which 
a  hoi  body  imparts  heat  to  a  colder  \aries  as  the  square  of  the 
difference  of  temperature  ;  so  that  if  the  temperature  of  the  furnace 
be  very  high,  the  larger  part  of  the  heat  passes  into  the  water  at 
the  furnace,  thereby  leainng  little  to  be  transmitted  by  the  tubes. 
If,  on  (he  contrary,  ihc  temperature  of  the  furnace  be  low,  a  Urge 
part  of  the  heat  will  pass  into  the  IvibeB,  and  more  tube  surface 
will  be  required  10  absorb  it.  About  16  cubic  feet  of  water  slionld 
1«  evaporated  by  a  locomotive  boiler  for  each  square  foot  of  fire-_ 
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grate,  which,  with  the  proportion  of  heating  surface  already  men- 
tioned, leaves  5  square  feet  of  heating  surface  to  evaporate  a  cubic 
fiwt  of  water  in  the  hour.  This  is  only  about  half  the  amount  of 
surface  usual  in  land  and  marine  boilers  pier  cubic  foot  evaporated, 
and  its  small  amount  is  due  mainly  to  the  high  temperature  of 
the  furnace,  which,  by  the  rapidity  of  transmission  it  causes,  ii 
tantamount  to  an  additional  amount  of  heating  surface. 


THE  INDICATOR. 

2-  You  have  already  slated  that  the  actual  power  of  an  engine 
is  ascertained  by  an  instrument  called  the  indicator,  which  consists 
Ufa  small  cylinder  with  a  piston  moi-ing  against  a  spring,  and  com- 
pns^g  it  to  an  extent  answerable  to  the  prcs- 
mie  of  the  steam.  Will  you  explain  further  ihe 
structure  and  mode  of  using  that  instrument  ? 

A.  The  structure  <.f  a  common  form  of 
indicator  will  be  readily  apprehended  by  a 
reference  to  fig.  75,  which  is  a  section  of 
McNaught's  indicator.  Upon  a  movable  barrel 
A,  a  piece  of  papier  is  woimd,  the  ends  of 
■hich  are  secured  by  Ihc  slight  brass  clamps 
liiown  in  the  drawing.  The  barrel  is  sup- 
ported by  the  bracket  b,  proceeding  from  the 
body  of  the  indicator,  and  at  the  bollom  of 
the  barrel  a  watch  spring  is  coiled  with  one 
end  attached  to  the  barrel  and  the  other  end 
to  tbe  bracket,  so  that  when  the  barrel  is 
drawn  round  by  a  siring  noiind  upon  its  lower 
end  like  a  roller  blind,  the  spring  returns  the 
barrel  to  its  original  position  when  the  string 
is  relaxed.  The  string  is  attached  to  some 
suitable  [lart  of  the  engine,  and  at  every  stroke 
tbe  string  is  drawn  out,  turning  round  the 
batrej,  and  the  barrel  is  returned  again  by  the 
spring  on  the  return  stroke. 

Q.  But  ID  what  way  can  these  reciproca- 
tions of  the  barrel  determine  the  power  of  the     McXi^i-Jtndi 


A.  They  do  no 
of  the  operation. 


determine  it  of  themselves,  but  are  only  part 
f  is  a  small  piston  moving  steam-tight  in  a 
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cylinder,  r/ is  ihc  piston  rod,  and  e  a  spiral  spring  or  steel,  which  tl 
piston,  when  forced  upwards  by  the  steam  or  sucked  downward 
by  the  vacuum,  either  compresses  or  extends  :  /is  a  cock  a 
to  the  cylinder  of  tlie  indicator,  and  which  is  screwed  Jntu  I 
cylinder  cover.  It  is  obvious  that,  so  soon  as  this  cock  is  opcneA"' 
the  piston  c  will  be  forced  up  when  the  space  above  the  piston  of 
the  engine  is  opened  to  the  boiler,  and  sucked  down  when  that 
space  is  open  lo  the  condenser — in  each  case  to  an  eWenl  propor- 
tionate to  the  pressure  of  the  steam  or  the  perfection  of  the  vacuum, 
the  lop  of  the  piston  c  being  open  to  the  atmosphere.  A  pencil, 
with  a  knife-hinge,  is  inserted  into  the  piston  rod  ;it  r,  and  the 
point  of  the  pencil  bears  upon  the  surface  of  the  paper  wound  upc 
the  drum  A.  If  the  drum  A  did  not  revolve,  this  pencil  i 
merely  trace  on  the  paper  a  \'ertical  line ;  but  as  the  drum  A  n 
round  and  back  again  every  stroke  of  the  engine,  and  as  the  pen^ 
moves  up  and  down  again  every  slrokeof  the  engine,  the  combined  * 
movements  trace  upon  the  paper  a  species  of  rcaangle,  which  is 
called  an  indicator  diagram  ;  and  the  nature  of  this  diagram  deter- 
mines the  nature  of  the  engine's  performance. 

Q.  How  does  it  do  this? 

A.  Ii  is  clear  that  if  the  pencil  was  moved  up  i; 
lo  the  top  of  its  stroke,  and  was  also  moved  doivn  instantaneous 
to  the  bottom  of  its  stroke,  and  if  it  lemained  without  liucluatioff* 
while  at  the  lop  and  bottom,  the  figure  described  by  the  pencil 
would  be  a  perfect  rectangle,  of  which  the  vertical  height  would 
represent  the  total  pressure  of  the  steam  and  vacuum,  and  there- 
fore the  total  pressure  urging  the  piston  of  llie  engine.  But  in 
practice  the  pencil  will  neither  rise  nor  fail  instantaneously,  not 
will  it  remain  at  a  uniform  height  throughout  the  stroke,  [f  the 
steam  be  worked  expansively  the  pressure  will  begin  to  fall  so  soon 
as  the  steam  is  cut  off;  and  at  the  end  of  the  stroke,  when  the 
steam  comes  to  be  discharged,  the  subsidence  of  pressure  will  not 
be  instantaneous,  but  will  occupy  an  appreciable  time.  It  is  clear, 
therefore,  that  in  no  engine  can  the  diagram  described  by  an  indi- 
cator be  a  complete  rectangle ;  but  the  more  nearly  it  approaches 
to  a  rectangle  the  larger  will  be  the  power  produced  at  every  stroke 
with  any  given  pressure,  and  the  area  of  the  space  included  within 
the  diagram  will  in  every  case  accurately  represent  t!ic  pow  " 
exerted  by  the  engine  during  that  stroke. 

Q-  J^nd  how  is  this  area  ascertained  ? 
\.   It  may  be  ascertained  in  various  ways  ;  but  the  usual  ii 
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U  10  lake  (tie  vertical  height  or  the  diagram  at  a  number  of  equi- 
distant points  on  a  base  Une,  and  then  to  take  the  mean  of  these 
several  heights  as  representative  of  the  mer.n  pressure  actually 
Cluing  the  piston.  Now  if  you  have  the  pressure  on  the  piston  per 
square  inch,  and  if  you  know  the  number  of  square  inches  in  its 
area,  and  the  velocity  with  which  it  moves  in  feet  per  minute,  you 
have  obviously  the  dynamical  effort  of  the  engine,  or,  in  other 
Kords,  its  actual  power. 

Q.  How  is  the  base  line  you  have  referred  to  obtained  ? 
A.  In  proceeding  to  take  an  indicator  diagram,  the  first  thing 
lo  be  done  is  to  allow  [he  barrel  to  make  two  or  three  reciprocations 
*ith  the  pencil  resting  against  it,  before  opening  the  cock  attached 
to  Ihe  cylinder.     There  will  thus  be  traced  a  horiiontal  line,  which 
is  called  the  atmospheric  line,  and  in  condensing  engines  a  part  of 
ibe  diagram  will  be  above  and  a  part  of  it  below  this  line  ;  whereas, 
w  high-pressure  engines  the  whole  of  the  diagram  will  be  above 
this  line.     Upon  this  line  the  vertical  ordinatcs  may  be  set  olT  at 
equal  distances,  or  upon  any  base  line  parallel  to  ii  -  but  the  usual 
"MIX  is  to  erect  the  ordinatcs  on  the  atmospheric  line. 
Q,  Will  you  give  an  example  of  an  indicator  diagram  ? 
A.  Fig.  76  is  as  indicator  diagram  taken  from  a  high-pressure 
'Qginc^  and  the  wavy  line  a,  6,  c,  forming  a  sort  of  irregular  paral- 
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Fig.  t6.— Indicator  Diagnm. 

leiograin,  is  that  which  is  described  by  the  pencil.  As  there  is  no 
vacuum  in  this  engine,  the  atmospheric  line  will  be  below  the  dia- 
gram, and  it  is  represented  by  the  line  a  B.  The  scale  at  the  side 
(hows  the  pressure  of  the  steam  per  square  inch,  which  in  this 
tsgine  n»e  to  a  little  over  60  lbs.    The  steam  begins  to  be  cut  off 
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when  about  one-fourth  of  the  stroke  has  been  performed,  and  ihe 
pressure  eonsequentiy  falls.     The  rounding  away  of  the  right  hand 
comer  of  the  diagram  shows  that  the  steam  has  been  compressed 
on  the  reverse  side  of  the  pis- 
ton by  shutting  the  vaive  befc 
the  end  of  the  stroke. 

y   Is  there  any  oihe: 
of  indicator? 

A.  Another  form,  slightly 
different  from  McNaughi's. 
and  no«-  much  used,  is  thai 
known  as  Richards',  and 
is  shown  in  fig.  77.  a 
cylinder  and  B  the  piston 
the  inslrumenl,  and  C 
cock  by  which  it  is  p 
connection  with  the  cylii 
of  the  engine,  t 
arms  of  a  parallel  motion  in- 
tended to  compel  the  pencil 
E  10  move  up  and  down 
vertically.  F  is  the  barrel  011 
which  the  paper  is  fixed  as 
in  McNaughi's,  and  G  is  the 
string  by  which  the  barrel  is 
moved  on  its  axis.  H  H  are 
arms  to  which  the  parts  of  the  parallel  motion  are  attached.  It 
will  be  seen  from  the  point  at  which  the  piston  rod  is  attached  10 
the  parallel  motion,  that  the  pencil  moves  through  a  much  greater 
length  than  the  piston  of  the  instrument,  by  which  anangeii 
.s  somewhat  reduced. 
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Q.  What  other  gauges  or  instruments  are  there  for  telling 
Slate,  or  regulating  the  power,  of  an  engine  f 

A.  There  is  the  counter  for  telling  the  number  of  strokes 
engine  makes,  and  the  dynamometer  fur  ascertaining  the  Irrtaive 
power  of  steam  vessels  or  locomotives,  or  the  force  with  which  a 
shaft  rotates.  Then  there  are  the  gauge  cocks,  and  glass  tubes,  or 
floats,  for  telling  the  heiglit  of  water  in  the  boiler ;  the  Itourdoa 
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gau^e  for  telling  the  pressure  of  the  steam  or  the  quality  of  the 
vacuum ;  and  in  pumping  engines  there  is  the  cataract  for  regulating 
the  speed  of  the  engine. 

2"  Will  you  describe  the  mechanism  of  the  counter  ? 
A,  The  counter  consists  of  a  train  of  wheelwork,  so  contrived 
that  by  every  stroke  of  the  engine  an  index-hand  is  moved  forward 
a  certain  space,  whereby  the  number  of  strokes  made  by  the  engine 
in  any  given  time  is  accurately  recorded.  In  most  cases  the  motion 
is  communicated  by  means  of  a  detent — attached  to  some  recipro- 
catmg  part  of  the  engine — to  a  ratchet  wheel  which  gives  motion 
to  the  other  wheels  in  its  slow  revolution  :  but  it  is  preferable  to 
<icrivc  the  motion  from  some  revolving  part  of  the  engine  by  means 
^  an  endless  screw,  as  where  the  ratchet  is  used  the  detent  will 
sometimes  fail  to  carry  it  round  the  proper  distance.  In  the  counter 
contrived  by  Mr.  Adie,  an  endless  screw  works  into  the  rim  of  two 
small  wheels  situated  on  the  same  axis,  but  one  wheel  having  a 
tooth  more  than  the  other,  whereby  a  differential  motion  is  obtained ; 
^d  the  difference  in  the  velocity  of  the  two  wheels,  or  their  motion 
"pon  one  another,  expresses  the  number  of  strokes  performed. 
The  endless  screw  is  attached  to  some  revolving  part  of  the  engine, 
whereby  a  rotatory  motion  is  imparted  to  it ;  and  the  wheels  into 
*hich  the  screws  work  hang  down  from  it  like  a  pendulum,  and  are 
kept  stationary  by  the  action  of  gravity. 

2-  What  is  the  nature  of  the  dynamometer  ? 

A,  The  dynamometer  employed  for  ascertaining  the  traction 

tipon  railways  consists  of  two  flat  springs  joined  together  at  the 

ends  by  links,  and  the  amount  of  separation  of  the  springs  at  the 

centre  indicates,  by  means  of  a  suitable  hand  and  dial,  the  force  of 

traction.    A  cylinder  of  oil  with,  a  small  hole  through  its  piston,  is 

sometimes  added  to  this  instrument  to  prevent  sudden  fluctuations. 

In  screw  vessels  the  forward  thrust  of  the  screw  is  measured  by  a 

dynamometer  constructed  on  the  principle  of  a  weighing  machine 

for  carts,  in  which  a  small  spring  pressure  at  the  index  will  balance 

a  very  great  pressure  where  the  thrust  is  applied  ;  and  in  each  case 

the  variations  of  pressure  are  recorded  by  a  pencil  on  a  sheet  of 

paper,  carried  forward  by  suitable  mechanism,  whereby  the  mean 

thrust  is  easily  ascertained.    The  tractive  force  of  paddle  wheel 

stfeamers  is  ascertained  by  a  dynamometer  fixed  on  shore,  to  which 

the  floating  vessel  is  attached  by  a  rope.     Sometimes  the  power  of 

an  engine  is  ascertained  by  a  friction-bre«ik  dynamometer  applied 

to  the  shaft. 

1.2 
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Q.  Wliat  will  determine  the  amount  of  thrust  shown   by 
dynamomeier  ? 

A-  In  locomntives  and  in  paddle  steamers  it  will  be  determii 
by  the  force  turning  the  wheels,  and  by  the  smallness  of 
diameter  of  the  wheels  ;  for  with  small  wheels  the  thrust  will  be 
greater  than  with  large  wheels.     In  screw  vessels  the  thrust  will 
be  determined  by  the  force  loming  round  the  screw,  and  by  the 
smallness  of  the  screw's  pitch  ;  for  with  any  given  force  of 
a  fine  pitch  of  screw  will  give  a  greater  thrust  than  a  coarse  plw 
of  screw,  jusi  as  is  the  case  when  a  screw  works  in  a  solid  t 

Q.  Will  you  explain  the  use  of  the  glass  gauges  affixed 
boiler? 

A.  The  glass  gauges  are  tubes  affixed  to  the  fronts  of  boili 
by  the  aid  of  which  the  height  of  the  water  wiiliin  the  boilers 
readily  ascertainable,  for  the  water  will  stand  ai  the  same  heiglill 
in  the  tube  as  in  the  boiler,  with  which  there  is  a  communication 
maintained  both  at  the  top  and  bottom  of  the  tube  by  suitable 
stopcocks.  The  cocks  connecting  the  glass  tube  with  the  boiler 
should  alwaj-5  be  so  constructed  that  the  tube  may  be  blown 
through  with  the  steam,  to  clear  it  of  any  internal  concretion  that 
may  impair  its  transparency  ;  and  the  construction  of  the  socket) 
in  which  the  tube  is  inserted  should  be  such  that,  even  when  there 
is  sieam  in  the  boiler,  a  broken  tube  may  be  replaced  with  facilil 

Q.  What,  then,  are  the  gauge  cocks.' 

A.  The  gauge  cocks  are  cocks  penetrating  the  boiler 
ferent  heights,  and  which,  when  opened,  tell  whether  it  i: 
or  steam  that  exists  at  the  level  at  which  they  are  respectii 
inserted.  It  is  unsafe  to  trust  to  the  ^lass  gauges  altogether  as: 
means  of  ascertaining  the  water  level,  as  sometimes  they  beci 
choked,  and  it  is  necessary,  therefore,  to  have  gauge  cocks 
addition  ;  but  if  the  boiier  be  short  of  steam,  and  a  partial  vacui 
be  produced  within  it,  the  glass  gauges  become  of  essential 
as  the  gauge  cocks  will  not  operate  in  such  a  case,  for  thoi 
opened,  instead  of  steam  and  water  escaping  from  them,  the 
will  rush  into  the  boiler  It  is  expedient  10  carry  a  pipe  from 
lower  end  of  the  glass  tube  downward  into  the  water  of  the 
and  a  pipe  from  the  upper  end  upward  into  the  steam  in  the  bol 
so  as  to  prevent  the  water  from  boiling  down  through  the  ti 
as  it  might  otherwise  do,  and  prevent  the  level  of  the 
being  ascertainable.  The  average  level  of  wdter  In  the  boil 
should  be  above  the  centre  of  the  lube  ;  and  the  low 
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gauge  cocks  should  always  run  water,  and  the   hij^hest   should 
always  blow  steam. 

^  Is  not  a  float  sometimes  employed  to  indicate  the  level  of 
the  water  in  the  boiler  ? 

A.  A  float  for  telling  the  height  of  water  in  the  boiler  is  em- 
ployed only  in  the  case  of  land  boilers,  and  its  action  is  like  that 
of  a  buoy  floating  on  the  surface,  which,  by  means  of  a  light  rod 
passing  vertically  through  the  boiler,  shows  at  what  height  the 
water  stands,  or,  as  already  explained,  opens  or  shuts  a  feed  valve 
in  some  cases.  The  float  is  usually  formed  of  stone  or  iron,  and 
is  so  counterbalanced  as  to  make  its  operation  the  same  as  if  it 
were  a  buoy  of  timber. 

2-  What  is  the  present  form  of  cataract  which  is  employed  to 
regulate  the  speed  of  pumping  engines  ? 

A.  An  early  form  of  cataract  has  been  already  described.  The 
modem  form  consists  of  a  small  pump-plunger  and  barrel,  set  in 
a  cistern  ol  water,  the  barrel  being  furnished  on  the  one  side  with 
a  valve  opening  inwards,  through  which  the  water  obtains  admis- 
sion to  the  pump  chamber  from  the  cistern,  and  on  the  other  side 
»itha  cock,  through  which,  if  the  plunger  be  forced  down,  the  water 
must  pass  out  of  the  pump  chamber.  The  engine  in  the  upward 
stroice  of  the  piston,  which  is  accomplished  by  the  preponderance 
of  weight  at  the  pump  end  ot  the  beam,  raises  up  the  plunger  of 
^e  cataract  by  means  of  a  small  rod — the  water  entering  readily 
trough  the  valve  already  referred  to  ;  and  when  the  engine  reaches 
^  top  of  the  stroke,  it  liberates  the  rod  by  which  the  plunger  has 
^  drawn  up,  and  the  plunger  then  descends  by  gravity,  forcing 
out  the  water  through  the  cock,  the  orifice  of  which  has  previously 
^  adjusted,  and  the  plunger  in  its  descent  opens  the  injection 
^vc,  which  causes  the  engine  to  make  a  stroke, 
ji  Suppose  the  cock  of  the  cataract  be  shut } 
A,  If  the  cock  of  the  cataract  be  shut,  it  is  clear  that  the 
P^onger  cannot  descend  at  all,  and  as  in  that  case  the  injection 
^e  cannot  be  opened,  the  engine  must  stand  still ;  but  if  the 
^k  be  slightly  opened  the  plunger  will  descend  slowly,  the  in- 
action valve  will  slowly  open,  and  the  engine  will  make  a  gradual 
stroke  as  it  obtains  the  water  necessary  for  condensation.  The 
^^^t  to  which  the  cock  is  open,  therefore,  will  regulate  the  speed 
^th  which  the  engine  works  ;  so  that,  by  the  use  of  the  cataract, 
^  speed  of  the  engine  may  be  varied  to  suit  the  variations  in 
^  quantity  of  water  requiring  to  be  lifted  from  the  mine.     In 
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some  cases  an  air  cylinder,  and  in  other  cases  an  oil  cylinder,  is 
employed  instead  of  the  apparatus  just  described ;  but  the  principle 
on  which  the  whole  of  these  contrivances  operate  is  identical,  and 
the  only  difference  is  in  the  detail. 

Q,  Has  no  instrument  been  contrived  to  measure  and  record 
the  power  generated  by  an  engine  in  a  given  time  in  the  same 
way  in  which  a  gas  meter  registers  the  consumption  of  gas  ? 

A.  Yes,  there  is  such  an  instrument,  called  a  duty  meter,  but 
hitherto  it  has  been  used  to  only  a  very  limited  extent,  though  the 
emulation  which  would  be  excited  by  publishing  the  duty  of  different 
engines  would  be  an  important  stimulus  to  increased  economy. 
There  are  several  forms  of  duty  meter.  Some  are  made  with  a 
cylinder  and  piston  like  those  of  an  indicator.  The  piston  records 
the  pressure  at  several  different  parts  of  the  stroke.  These  dif- 
ferent pressures  are  registered  and  their  mean  extracted,  and  this 
combined  with  the  number  of  strokes,  also  registered,  gives  the 
power. 

Q.  You  have  shown  that  the  performance  of  an  engine  is  deter- 
minable by  the  indicator ;  but  how  do  you  determine  the  power 
of  the  boiler  ? 

A,  By  the  quantity  of  water  it  evaporates.  There  are  now 
vanous  forms  of  water-meter  which  accurately  determine  the 
quantity  of  water  flowing  through  them ;  so  that  the  volume  of 
the  feed  water,  and  also  of  the  condensing  water,  may  now  be 
readily  ascertained. 
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CHAPTER   III. 
PROIX^RTIONS  OF  BOILERS. 

HEATING  AND  FIRE-GRATE  SURFACE, 

G-  What  are  the  considerations  which  must  chiefly  be  attended 
to  in  settling  the  proportions  of  boilers  ? 

A.  In  the  first  place  there  must  be  sufficient  grate  surface  to 
enable  the  quantity  of  coal  requisite  for  the  production  of  the 
steam  to  be  conveniently  burnt,  taking  into  account  the  intensity 
of  the  draught ;  and  in  the  next  place  there  must  be  a  sufficient 
flue  or  tube  surface  readily  to  absotb  the  heat  thus  produced,  so 
that  there  may  be  no  needless  waste  of  heat  by  the  chimney.  The 
flues  or  tubes,  moreover,  must  have  such  an  area  of  cross  section, 
aod  the  chimney  must  be  of  such  dimensions,  as  will  enable  a 
suital^  draught  through  the  Are  to  be  maintained  ;  and  the  boiler 
must  be  made  capable  of  containing  such  supplies  of  water  and 
steam  as  will  obviate  inconvenient  fluctuations  in  the  water-level, 
and  abate  the  risk  of  water  being  carried  over  into  the  engine 
«ith  the  steam.  With  all  these  conditions  the  boiler  must  be  as 
light  and  compact  as  possible,  and  must  be  so  contrived  as  to  be 
capable  of  being  cleaned  and  repaired  with  facility.  Finally  it 
must  be  strong. 

Q,  Supposing,  then,  that  you  had  to  proportion  a  boiler,  which 
should  be  capable  of  supplying  steam  sufficient  to  propel  a  steam 
vessel  or  railway  train  at  a  given  speed,  or  to  perform  any  other 
given  work,  how  would  you  proceed  ? 

A.  I  would  first  ascertain  the  resistance  which  had  to  be  over- 
come, and  the  velocity  with  which  it  was  necessary  to  overcome 
it  This  would  give  me  an  expression  of  the  horse-power  I  must 
employ.  I  should  then  know  what  pressure  and  volume  of  steam 
were  required  to  generate  this  power  \  and,  finally,  I  should  allow 


1 52    Heating  Surface  in  Different  Kinds  of  Boiler,        H 

a  BuBicient  heating  and  (ire-grate  surface  in  lheboikr,according  W" 
the  kind  of  boiler  it  was,  to  furnish  the  requisite  quantity  of  steam, 
or,  in  other  words,  to  evaporate  the  requisite  quantity  of  water  ? 

Q,  Will  you  state  the  amount  of  heating  surface  and   grate 
surface  necessary  to  evaporate  a  given  quantity  of  water  f  J 

A.  The  number  of  square  feet  of  heating  or  flue  surface,  ittfl 
quired  to  evaporate  a  cubic  foot  of  water  per  hour,  is  about  7^| 
square  feet  in  Cornish  boilers,  8  to  1 1  square  feet  in  land  and!  ■ 
marine  boilers,  and  5  or  6  square  feet  in  locomotive  boilers.     The 
number  of  square  feet  of  healing   surface   per  square  foot  of  fire 
grate  is  froui  13  to  15  square  feet  in  waggon  or  other  low-pressure 
land  boilers,  about  40  square  feet  in  Cornish  boilers,  and   from 
;a  to  90  square  feet  in  locomotive  boilers.    About  80  square  feet 
in  locomotives  is  a  very  good  proportion  in  the  case  of  locomotives 
using  coke.     But  locomotives  now  generally  use  coal,  and  in  them_ 
a  somewhat  larger  area  of  tire  grate  is  found  advantageous. 

Q.  What  is  the  healing  surface  of  boilers  pier  horse-power  ? 

A.  About  9  square  feet  of  flue  and  furnace  surface  per  hor» 
power  was  the  usual  proportion  in  waggon  boilers,  reckoning  t' 
total  surface  exposed  to  the  heat  as  effective  surface,  if  the  boilers 
were  of  a  considerable  size ;  but  in  the  case  of  small  boilers  the 
proportion  was  larger.  The  total  heating  surface  of  a  two  horse- 
power waggon  boiler  was,  according  10  Boulton  and  Wal 
portions,  30  square  feet,  or  1 5  feet  per  horse-power  ;  whereas,  i 
case  of  a  45  horse-power  boiler,  the  total  heating  surface  w 
square  feet,  or  9'6  feci  per  horse-power.  In  marine  boilers  neaf 
the  same  proportions  obtained.  The  original  boilers  of  the  '  Greai 
Western' steamer,  by  Messrs.  Maud  slay,  were  proportioned  with 
about  10  square  feet  of  flue  and  furnace  surface  per  nominal  horse- 
power of  the  engine,  reckoning  the  total  amount  of  surface  as 
effective  ;  but  in  the  boilers  of  the  '  Retribution,'  by  the  same 
makers,  but  of  larger  sije,  a  somewhat  smaller  proportion  of 

heating  surface  was   adopted.     Boullon  and  Watt  found  that,  in 

their  marine  flue  boilers,  9  square  feet  of  flue  and  furnace  s 
were  requisite  to  boil  off  a  cubic  foot  of  water  per  hour,  whictlfl 
the  proportion  of  heating  surface  allowed  in  their  land  boilers  \ 
horse-power. 

Q.  If  nominal  horse-power  be,  as  you  have  stated,  an  indcltid 
quantity,  how  can  heating  surface  or  anything  else  be  reckon 
by  it? 

A.  It  cannot  be  with  any  propriety,  but  such,  nevertheless,  « 
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for  many  years  the  usual  practice,  though  it  was  like  measuring 
distances  by  a  mile  the  length  of  which  was  not  uniform,  and  which 
had  also  itself  to  be  stated  before  any  just  conception  ot  quantity 
could  be  reached. 

2.  In  marine  flue  boilers,  was  the  whole  surface  of  the  flues 
exposed  to  the  smoke  reckoned  as  effective  ? 

A,  The  whole  of  the  sides  and  the  whole  of  the  top  of  the  flues 
were  reckoned  as  effective,  but  not  the  bottoms. 

Q,  What  was  the  proportion  of  fire  grate  per  horse-power 
adopted  in  these  boilers  ? 

A.  Boulton  and  Watt  allowed  0*64  of  a  square  foot  area  of 
grate  bars  per  nominal  horse-power  in  their  marine  flue  boilers, 
but  sometimes  so  large  an  area  of  fire  grate  could  not  be  con- 
veniently got,  and  the  proportion  of  half  a  square  foot  per  nominal 
horse-power,  which  was  the  proportion  adopted  in  the  original 
boilers  of  the  *  Great  Western,'  seemed  to  answer  very  well  in 
engines  working  with  a  moderate  pressure,  and  with  some  expan- 
sion ;  and  this  proportion  was  widely  adopted.     With  this  allow- 
ance, there  would  be  22  to  24  square  feet  of  heating  surface  per 
square  foot  of  fire  grate  ;   and  if  the  consumption  of  fuel  were 
taJcen  at  6  lbs.  per  nominal  horse-power  per  hour,  there  would  be 
about  12  lbs.  of  coal  consumed  per  hour  on  each  square  foot  of 
grate.    Furnaces  should  not  be  more  than  5  feet  long,  as,  if  much 
kmger  than  this,  it  will  be  impossible  to  work  them  properly  for 
any  considerable  length  of  time,  and  they  will  become  choked  with 
clinker  at  the  back  ends. 

Q.  What  quantity  of  fuel  was  usually  consumed  per  hour,  on 
each  square  foot  of  fire  grate,  in  different  boilers  at  the  time  the 
marine  flue  boiler  had  reached  its  highest  development — say 
about  iJ?4o  } 

A.  The  quantity  of  fuel  burned  on  each  square  foot  of  fire 
grate  per  hour  varied  very  much  in  different  boilers  of  that  date  : 
i&  waggon  boilers  it  was  from  10  to  13  lbs.;  in  Cornish  boilers 
from  3J  to  4  lbs. ;  and  in  locomotive  boilers  from  80  to  150  lbs. 
About  1  cwt  per  hour  was  a  good  proportion  in  locomotives. 

CALORIMETER  AND  VENT. 

2-  In  what  manner  were  the  proper  sectional  area  and  the 
proper  capacity  of  the  flue  of  a  flue  boiler  determined  } 

A.  The  proper  collective  area  for  the  escape  of  the  smoke  and 
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r  the  furnace  bridges  in  marine  boilers  was  19  sqi 
inches  per  nominal  horse-power,  according  10  Bnulton  and  Watt's 
practice,  and  for  the  sectional  area  of  llie  flue  ihcy  allowed  18  square 
inches  per  horse-power.  The  sectional  area  of  the  flue  in  square 
inches  is  what  is  termed  the  calorimeter  of  the  boiler,  and  the 
calorimeter  divided  by  the  length  of  the  flue  in  feci  Is  what  is 
termed  the  vent.  In  marine  flue  boilers  of  good  consiruction  ihe 
vent  varied  between  the  limits  of  20  and  25,  according  10  the  size 
of  the  boiler  and  other  circumstances,  the  largest  boilers  having 
generally  the  largest  vents ;  and  the  calorimeter  divided  by  the 
vent  gave  the  length  of  the  flue  in  fecL  The  flues  of  all  fli 
boilers  diminished  in  their  calorimeter  as  they  approached  the 
chimney,  as  the  smoke  contracts  in  its  volume  in  proportioa 
parts  with  its  heal. 

Q.  Was  the  method  of  determining  the  dimensions  of 
flue,  by  a  reference  to  its  vent  and  calorimeter,  the  me;hod  gener- 
ally pursued  ? 

A.  It  was  Boulton  and  Walt's  method ;  but  some  very  satis- 
factory boilers  were  made  by  allowing  a  proportion  of  o5  of  a 
square  foot  of  fire  grate  per  nominal  horse-power,  and  making  the 
sectional  area  of  the  flue  at  the  largest  part  ^ih  of  the  area  of  fire 
grate,  and  at  the  smallest  part,  where  it  entered  the  chimney,  ^^'A^ 
of  the  area  of  the  fire  grate.  These  proportions  were  retained 
whether  the  boiler  were  flue  or  tubular,  and  from  14  10  16  square 
feel  of  lube  surface  were  allowed  per  nominal  hoise-power. 

Q.  Were  the  proportions  of  vent  and  calorimeter,  ial:en  by 
Boulton  and  Watt  for  marine  flue  boilers,  found  to  be  applicable 
also  to  waggon  and  tubular  boilers  ? 

A.  No,     In  waggon  and  tubular  boilers  very  different  propor- 
tions prevailed  ;  yet  the  proportions  proper  for  everj'  kind  of  boiler 
were  determinable  on  the  same  general  principle.      In  waggon 
boilers  the  proportion  of  the  perimeter  of  the  flue,  which  is  effective 
as  heating  surface,  is  to  the  total  perimeter  as  I  to  3,  or,  in  some 
cases,  as  1  to  25  :  and  with  any  given  area  of  flue,  therefore,  the 
length  of  the  fiue  must  be  from  3  to  2-5  times  greater  ibi 
be  necessary  if  the  tola]  surface  were  efieciive,  else  the  rcquii 
quantity  of  heailnj;  surface  could  not  be  obtained.     If  then 
vent  be  the  calorimcier  divided  by  Ihe  length,  and  the  length 
flue  be  made  3  or  3-5  times  greater,  the  vent  must  become  3  or 
times  less;  and  in  waggon  boilers,  accordingly,  thi 
from  8  to  1 1  instead  of  from  21  to  25,  as  in  the  case  of  marine 
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boilers.  In  tubular  marine  boilers,  when  they  came  to  be  intro- 
duced, the  calorimeter  was  usually  made  only  about  half  the 
amount  allowed  by  Boulton  and  Watt  for  marine  flue  boilers,  or, 
in  other  words,  the  collective  sectional  area  of  the  tubes  for  the 
transmission  of  the  smoke  was  from  8  to  9  square  inches  per 
nominal  horse- power. 

Q.  What  were  the  ordinary  dimensions  of  the  flue  in  waggon 
boilers .' 

A,  In  Boulton  and  Watt's  45-horse  waggon  boiler  the  area  of 
flue  was  18  square  inches  per  horse-power  ;  but  the  area  per  horse- 
power increased  very  rapidly  as  the  size  of  the  boiler  became  less, 
and  amounted  to  about  80  square  inches  per  horse-power  in  a 
boiler  of  2  horse-power.     Some  such  increase  was  obviously  in- 
evitable if  a  similar  form  of  flue  were  retained  in  the  larger  and 
smaller  powers,  and  at  the  same  time  the  elongation  of  the  flue  in 
the  same  proportion  as  the  increase  of  any  other  dimension  was 
prevented  ;  but  in  the  smaller  class  of  waggon  boilers  the  con- 
sideration of  facility  of  cleaning  the  flues  was  also  operative  in 
mducing  a  large  proportion  of  sectional  area.     Boulton  and  Watt's 
2  horse-power  waggon  boiler  had  30  square  feet  of  surface,  and  the 
flue  was  18  inches  high,  above  the  level  of  the  boiler  bottom,  by 
9  inches  wide  ;  while  their  12-horse  waggon  boiler  had  118  square 
feet  of  heating  surface,  and  the  dimensions  of  the  flue  similarly 
measured  were  36  inches  by  13  inches.     The  width  of  the  smaller 
flue,  if  similarly  proportioned  to  the  larger  one,  would  have  been 
6^  inches  instead  of  9  inches,  and,  by  assuming  this  dimension, 
wc  should  have  the  same  proportion  of  sectional  area  per  square 
foot  of  heating  surface  in  both  boilers.     The  length  of  flue  in  the 
2-hor5C  boiler  was  19*5  feet,  and  in  the  12-horse  boiler  39  feet,  so 
that  the  length  and  height  of  the  flue  were  increased  in  the  same 
proportion.      These  proportions,  all   carefully  settled   under   Mr. 
Watt's  direction,  are  still  useful  and  instructive,  though  the  waggon 
boiler  itself  is  now  obsolete. 

Q.  Will  you  give  an  example  of  the  proportions  of  a  flue  in  the 
case  of  a  marine  boiler  ? 

A.  The  'Nile'  steamer,  with  engines  of  no  horse-power 
nominal,  by  Boulton  and  Watt,  was  supplied  with  steam  by  two 
boilers,  which  were  therefore  of  55  horse-power  each.  The  height 
of  the  flue  winding  within  the  boiler  was  60  inches,  and  its  mean 
»idth  16^  inches,  making  a  sectional  area  or  calorimeter  of  990 
s^iuare  inches,  or  18  square  inches  per  horse-power  of  the  boUer. 
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The  vent  of  Oie  flue  was  39  feet,  making  the  vent  25.  whicli  wns 
the  vent  proper  for  large  boilers.  In  the  'Dee'  and  'Solway' 
steamers,  by  Scott  and  Sinclair,  the  calorimeter  was  only  972 
square  inches  per  horse-power;  in  the  'Eagle,'  by  Caird,  Ii'g;  in 
the  '  Thames'  and  '  Medway,'  by  Maudslay,  If34,  and  in  a  great 
number  of  other  cases  it  did  not  rise  above  12  square  inches  per 
horse-power  ;  but  the  engines  of  most  of  these  vessels  were  in- 
tended to  operate  to  a  certain  extent  expansively,  and  the  boilers 
were  less  powerful  in  evaporating  efficacy  on  that  account. 

Q.  Then  the  chief  difference  in  the  proportions  established  by 
Boulton  and  Walt,  and  those  followed  by  the  other  manufacturets 
you  have  mentioned,  was  that  Boulton  and  Watt  set  a  more  power- 
ful boiler  to  do  the  same  work? 

A.  That  is  the  main  difTerence.  The  proportion  which  one 
part  of  the  boiler  bears  to  anriiher  part  is  very  similar  in  the  cases 
cited  ;  but  the  proportion  of  boiler  relatively  to  (he  siie  of  the 
engine  varies  very  materially.  Thus,  the  calorimeter  o/raeh  boiUr 
of  the '  Dee '  and  '  Solway '  was  1,296  square  inches ;  of  the  '  Eagle,' 
1,548  square  inches;  and  of  ihe'Thamcs'  and  '  Medway,'  1,134 
square  inches  ;  and  the  lengths  of  flue  were  57,  60,  and  $1  feet  ta 
the  boilers  respectively,  which  made  the  respecllve  vents  ji\,  3^ 
and  zi.  Taking  then  the  boiler  of  the  'Eagle'  for  comparison  wiib 
the  boiler  of  the  '  Nile,'  as  it  had  the  same  vent,  it.  will  be  (een 
that  the  proportions  uf  the  two  are  almost  identical,  for  990  is  lO 
1,54s  as  39  is  to  60,  nearly  ;  but  Messrs.  Boulton  and  Watt  wmiM 
not  have  set  a  boiler  like  that  of  the  '  Ea^le '  to  do  so  much  work. 
Q.  Then  the  evaporating  power  of  the  boiler  varied  as  tba 
sectional  area  of  ihe  tlue? 

A.  The  evaporating  power  varied  as  the  square  root  of  the  area 
of  the  flue,  if  the  length  of  the  flue  remained  the  same ;  but  it  varied 
as  the  area  simply,  if  the  length  of  the  flue  were  increased  in  the 
same  proportion  as  its  other  dimensions.  The  evaporating  pom-er 
of  a  boiler,  other  things  being  the  same,  is  referable  to  the  amount 
of  its  healing  surface,  and  the  amuimt  of  healing  surface  in  any 
flue  or  tube  is  proportional  lo  the  product  of  the  length  of  the  tube 
and  the  square  root  of  its  sectional  area,  multiplied  by  a  cenaia 
quantity  that  is  constant  for  each  particular  form.  But  in  similar 
tubes  the  length  is  proportional  to  the  square  rnx*  of  the  sectional 
area  ;  therefore,  in  similar  tubes,  the  amount  of  heating  stirface  is 
proportional  to  the  sectional  area.  On  this  area  also  depends  the 
quantity  uf  hot  air  passing  through  the  flue,  supposing  the  intensity 
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of  the  draught  to  remain  unaffected,  in  which  case  the  quantity  of 
hot  air  or  smoke  passing  through  the  flue  should  vary  in  the  same 
ratio  as  the  quantity  of  surface. 

2-  A  boiler,  therefore,  to  exert  four  times  the  power,  should 
have  four  times  the  extent  of  heating  surface,  and  four  times  the 
sectional  area  of  flue  for  the  transmission  of  the  smoke  ? 

A.  Yes  ;  and  if  the  same  form  of  flue  is  to  be  retained,  it  should 
be  of  twice  the  diameter  and  twice  the  length  ;  or  twice  the  height 
and  width  if  rectangular,  and  twice  the   length.     As,  then,  the 
diameter  or  square  root  of  the  area  increases  in  the  same  ratio  as 
the  length,  the  square  root  of  the  area  divided  by  the  length  ought 
to  be  a  constant  quantity  in  each  type  of  boiler,  in  order  that  the 
same  proportions  of  flue  may  be  retained  ;  and  in  waggon  boilers 
without  an  internal  flue,  the  height  in  inches  of  the  flue  encircling 
the  boiler  divided  by  the  length  of  the  flue  in  feet  will  be  i,  very 
nearly.     Instead  of  the  square  root  of  the  area,  the  effective  peri- 
meter, or  outline  of  that  part  of  the  cross  section  of  the  flue  which 
is  effective  in  generating  steam,  may  be  taken  ;  and  the  effective 
perimeter  divided  by  the  length  ought  to  be  a  constant  quantity  in 
similar  forms  of  flue  and  with  the  same  velocity  of  draught,  what* 
ever  the  size  of  the  flue  may  be. 

Q,  Will  this  proportion  alter  if  the  form  of  the  flue  be  changed  ? 
A,  It  is  clear  that,  with  any  given  area  of  flue,  to  increase  the 
perimeter  by  adopting  a  different  shape  is  tantamount  to  a  diminu- 
tion of  the  length  of  the  flue  ;  and,  if  the  perimeter  be  diminished, 
the  length  of  the  flue  must  at  the  same  time  be  increased,  else  it 
vill  be  impossible  to  obtain  the  necessary  amount  of  heating 
surface.  In  Boulton  and  Watt's  waggon  boilers  the  sectional  area 
of  the  flue  in  square  inches  per  square  foot  of  heating  surface  was 
5*4  in  the  2-horsc  boiler ;  in  the  3-horse  it  was  474 ;  in  the  4- 
^^^^'se,  4*35 ;  6-horse,  375  ;  8-horse,  4*33  ;  lo-horse,  3*96 ;  12-horse, 
3^3;  18-horse,  3*17 ;  30-horse,  2*52  ;  and  in  the  45-horse  boiler, 
2^5  square  inches.  Taking  the  amount  of  heating  surface  in  the 
45-horsc  boiler  at  9  square  feet  per  horse-power,  we  obtain  18 
square  inches  of  sectional  area  of  flue  per  horse- power,  which  was 
2ko  Boulton  and  Watt's  proportion  of  sectional  area  for  marine 
^toilers  with  internal  flues. 

Q.  If  to  increase  the  perimeter  of  a  flue  is  virtually  to  diminish 
the  length,  then  a  tubular  boiler,  where  the  perimeter  is  in  effect 
greatly  extended,  ought  to  have  but  a  short  length  of  tube  ? 
A,  The  flue  of  the  '  Nile'  steamer,  if  reduced  to  the  cylindrical 
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Torm.  would  be  35^  inches  in  diameter  to  have  the  same  area ;  but 
it  would  ihcn  require  to  be  made  47}  feet  long  to  have  the  same 
t  of  heating  surface,  excluding  the  bottom  as  non -effect jve. 
Supposing  that  with  llicse  proportions  the  heat  was  sufficiently 
extracted  from  the  smoke,  then  every  tube  of  a  tubular  boiler  in 
which  the  same  draught  existed  ought  to  have  very  nearly  the 
e  proportions. 

(J,.  But  what  are  tlie  best  proportions  of  the  parts  of  tubular 
boilers  relatively  with  une  another .' 

A.  The  proper  relative   proportions  of  the   parts   of  tubular 
boilers  may  easily  be  ascertained  by  a  reference  to  the  settled 
proportions  of  fiuc  boilers ;  for  the  same  general  principles  are 
operative  in  both   cases.     In  the  'Nile'  steamer  each   boiler  of 
55  horse-power  had  about  497  square  feet  of  flue  surface,  or  9 
square  feci  per  horsc-powcr,  reckoning  the  total  surface  as  effective. 
The  area  of  the  flue,  which  was  rectangular,  was  990  square  inches, 
therefore  the  area  was  equal  to  that  of  a  tube  35J  inches  in  dia- 
meter ;  and  such  a  tulK,  to  have  a  heating  surface  of  497  square 
feet,  must  be  53-4  feet  or  640*8  inches  in  length.     The  length, 
therefore,  of  the  lube  would  be  about  t8  limes  its  diameter 
with  the  same  velocity  of  draught  these  proportions  must  obtain,  I 
whatever  the  absolute  dimensions  of  the  tube  may  be.     With  a 
calorimeter,  therefore,  of   iS   square   inches  per  horse-power,  the  I 
length  of  a  tube  j   inches  diatnetcr  should  not  exceed  4  fed  1 
6  inches,  since  the  heal  would  be  suflicienlly  e^ilracted  from  the  I 
smoke  in  this  length,  if  the  smoke  only  travelled  at  the  velocity  J 
due  to  a  calorimeter  of  18  square  Inches  per  horse-power. 

Q,   Is  this,  then,  the  maximum  length  of  flue  which  can  be  U 
in  tubular  boilers  with  advantage  ? 

A.  By  no  means.  The  tubes  of  tubular  boilen 
always  more  than  4  feet  6  inches  long,  but  then  the  cajorimeter  it 
almost  always  less  than  18  square  inches  per  horse -poHer— gener- 
ally about  two-thirds  of  this.  Indeed,  tubular  boilers  with  a  large 
calorimeter  are  not  found  to  be  so  satisfactory  as  where  the  calan- 
meicr  is  smaller,  partly  from  the  propensity  of  ilie  smoke  it 
cases  to  pass  through  a  few  of  the  tubes  instead  of  the  whole  ul 
them,  and  partly  from  the  deposit  of  soot  which  takes  place  when 
the  draught  b  sluggish.  It  is  a  very  confusing  practice,  hovteter, 
to  speak  of  nominal  horse-power  in  connection  nith  boiler 
that  is  a  quantity  quite  indeterminate,  a.n^  the  proper  measure  of  j 
boiler's  ciiiciency  is  its  evaporative  power. 
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EVAPORATIVE  POWER  OF  BOILERS. 

Q.  The  main  thing,  then,  in  boilers  is  their  evaporative  powers  ? 
A,  The  proportions  of  tubular  boilers,  as  of  all  boilers,  should 
obviously  have  reference  to  the  evaporation  required,  whereas  the 
demand  upon  the  boiler  for  steam  is  ver>'  often  reckoned  contingent 
upon  the  nominal  horse-power  of  the  engine  ;  and  as  the  nominal 
power  of  an  engine  is  a  conventional  quantity  by  no  means  in  uni- 
form proportion  to  the  actual  quantity  of  steam  consumed,  per- 
plexing complications  as  to  the  proper  proportions  of  boilers  have 
in  consequence  sprung  up,  to  which  most  of  the  failures  in  that 
department  of  engineering  may  be  imputed.    It  is  highly  expedient, 
therefore,  in  planning  boilers  for  any  particular  engine  to  consider 
exclusively  the  actual   power  required  to  be   produced,  and  to 
apportion  the  capabilities  of  the  boiler  accordingly. 

Q,  In  other  words,  you  would  recommend  the  inquiry  to  be 
restricted  to  the  mode  of  evaporating  a  given  number  of  cubic  feet 
of  water  in  the  hour,  instead  of  embracing  the  problem  how 
an  engine  of  a  given  nominal  power  was  to  be  supplied  with 
steam? 

A,  I  would  first,  as  I  have  already  stated,  consider  the  actual 
power  required  to  be  produced,  and  then  fix  the  amount  of  expan- 
sion to  be  adopted.     If  the  engine  had  to  work  up  to  three  times  its 
nominal  power,  1  should  either  increase  correspondingly  the  quan- 
tity of  evaporating  surface  in  the  boiler,  or  adopt  such  an  amount 
of  expansion  as  would  increase  threefold  the  efficacy  of  the  steam, 
or  combine  in  a  modified  manner  both  of  these  arrangements. 
Reckoning  the  evaporation  of  a  cubic  foot  of  water  in  the  hour  as 
equivalent  to  an  actual  horse-power  in  Watt's  original  engines, 
forking  with  a  low  pressure  and  without  expansion,  and  allowing 
a  square  yard  or  9  square  feet  as  the  proper  proportion  of  flue 
sorface  to  evaporate  a  cubic  foot  of  water  in  the  hour,  and  which 
remains  the  proper  proportion  now  as  it  was  a  hundred  years  ago, 
it  is  clear  that  1  must  either  give  27  square  feet  of  heating  surface 
in  the  boiler  to  have  a  trebled  power  without  expansion,  or  I  must 
cut  off  the  steam  at  one-seventh  of  the  stroke  to  obtain  a  threefold 
power  without  increasing  the  quantity  of  heating  surface.      By 
cutting  off  the  steam,  however,  at  one-third  of  the  stroke,  a  heating 
surface  of  \'\\  square  feet  will  give  a  threefold  power,  and  it  will 
usually  be  the  most  judicious  course  to  carry  the  expansion  as  far  as 
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possible,  and  then  to  add  the  proportion  afheattng  surface  necessai^ 
to  make  good  the  deficietity  still  found  to  exisL 

Q.  But  is  it  certain  that  a  cubic  foot  of  water  evaporated  in  the 
hour  is  equivalent  to  an  actual  horse-power? 

A.  An  actual  horse-power  as  fixed  by  Walt  is  33,000  lbs.  raised 
one  foot  high  in  the  minute  ;  and  in  Wall's  40  horse-power  engine 
with  a  31^  inch  cylinder,  7  feet  stroke,  and  making  17^  strokes, a 
minute,  Ihe  effective  pressure  was  6-92  lbs.  on  the  square  inch,  dear 
of  all  deductions.  Now,  as  a  horse-power  is  33,000  lbs.  raised  one 
fool  high,  and  as  there  are  6'92  lbs  an  the  square  inch,  it  is  clear 
thai  33,oc»  divided  by  6'93,  or  4,768  square  inches  with,  6-<)2  lbs. 
on  each,  if  lifted  1  foot  or  12  inches  high,  wil!  also  be  equal 
horse-ponrer.  But  4i76S  square  inches  multiplied  by  13  inches 
height  is  57,224-4  cubic  inches,  or  33T  cubic  feet,  and  this 
quantity  of  steam  which  must  be  expended  per  minute  Eo  produi 
an  actual  horse-power,  supposing  the  steain  10  operate  wiiboui 

Q.  But  are  33  cubic  feet  of  steam  expended  per  minute  equiva- 
lent lo  a  cubic  foot  of  water  expended  in  the  hour? 

A.  Not  precisely,  but  nearly  so.  A  cubic  fool  of  water  produces 
1,669  cubic  feel  of  steam  of  the  atmospheric  density  of  15  lbs.  per 
square  inch,  whereas  a  consumption  of  33  cubic  feel  of  steam  in 
the  minute  is  1,980  cubic  feet  in  the  hour.  In  Wait's  engines  about 
one-tenth  was  reckoned  as  loss  in  filling  the  waste  spaces  at  the 
top  and  boilom  of  the  cylinder,  making  1,872  cubic  feet  as  ilie 
quantity  consumed  per  hour  without  this  waste  ;  and  in  modem 
engines  the  waste  at  the  ends  of  the  cylinder  is  bconsiderable. 

Q.  What  power  was  generated  by  a  cubic  foot  of  water  in  the 
case  of  the  Albion  Mill  engines,  when  working  without  expansion? 

A.  In  the  Albion  Mill  er.gines,  when  working 
it  was  found  thai  1  lb.  of  water  in  the  shape  of  s 
lbs.  1  foot  high.  A  cubic  fooi  of  water,  therefore, 
sumed  in  the  hour,  would  raise  1,780,562-5  lbs.  o 
hour,  or  would  raise  39,676  lbs.  one  foot  high  ir 
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to  this  we  add  one-tenth  for  waste  at  the  ends  of  the  cylinder,  a 
waste  which  hardly  exists  in  modern  engines,  we  have  32,643  lbs. 
raised  one  fool  high  in  the  minute,  or  a  horse-power  very  nearly. 
In  some  cases  the  approximation  appears  still  nearer.  Thus,  in  1 
40-horse  engine  working  without  expansion.  Watt  found  ih«I  '674 
foot  of  water  was  evaporated  from  the  boiler  per  minute  which  i* 
just  a  cubic  fool  of  water  per  horse-power  pet  hour  ;  but  ii  ii  isot 
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certain  in  this  case  that  the  nominal  and  actual  power  were  pre- 
cisely identical.  It  will  be  quite  safe,  however,  to  reckon  an  actual 
horse-power  as  producible  by  the  evaporation  of  a  cubic  foot  of 
water  in  the  hour  in  the  case  of  engines  working  without  expansion  ; 
and  for  boiling  off  this  quantity  in  flue  or  waggon  boilers,  about 
8  lbs.  of  coal  will  be  required  and  9  square  feet  of  flue  surface. 


MARINE  FLUE  AND  TUBULAR   AND   LOCOMOTIVE   BOILERS. 

Q.  These  proportions  appear  chiefly  to  refer  to  old  boilers.  I  wish 
you  to  state  what  were  the  proportions  of  flue  and  tubular  marine 
boilers,  adopted  after  the  tubular  boiler  had  come  in,  about  1844. 

A,  \n  those  more  modem  boilers  the  area  of  fire  grate  was 
less  than  in  Mr.  Watt's  original  boilers,  where  it  was  i  square 
foot  to  9  square  feet  of  heating  surface.  The  heat  in  the  furnace 
was  consequently  more  intense,  and  a  somewhat  less  amount  of 
snrfiace  sufficed  to  evaporate  a  cubic  foot  of  water  in  the  hour.  In 
Boolion  and  Watt's  more  modem  flue  boilers  they  allowed  for  the 
evaporation  of  a  cubic  foot  of  water  per  hour  8  square  feet  of  heating 
sirface,  70  square  inches  of  fire  grate,  13  square  inches  sectional 
area  of  flue,  6  square  inches  sectional  area  of  chimney,  14  square 
inches  area  over  fiimace  bridges,  ratio  of  area  of  flue  to  area  of  fire 
grate  i  to  5*4.  To  evaporate  a  cubic  foot  of  water  per  hour  in  tubu« 
iar  boilers,  the  proportions  were — heating  surface  9  square  feet,  fire 
SnUe  70  square  inches,  sectional  area  of  tubes  10  square  inches, 
sectional  area  of  back  uptake  1 2  square  inches,  sectional  area  of 
front  uptake  10  square  inches,  sectional  area  of  chimney  7  square 
inches,  ratio  of  diameter  of  tube  to  length  of  tube  ^^\}\  to  IJ^^  cubi- 
cal content  of  boiler  exclusive  of  steam  chest  6*5  cubic  feet,  cubical 
content  of  steam  chest  1*5  cubic  feet. 

Q.  These  proportions  do  not  apply  to  locomotive  boilers  ? 
A.  Not  at  all.     In  locomotive  boilers  the  draught  is  maintained 
by  the  projection  of  the  waste  steam  which  escapes  from  the  cylin- 
ders up  the  chimney,  and  the  draught  is  much  more  powerful  and 
the  combustion  much  more  rapid  than  in  cases  in  which  the  com- 
bustion is  maintained  by  the  natural  draught  of  a  chimney — except, 
indeed,  the  chimney  be  of  ver>'  unusual  temperature  and  height 
The  proportions  employed  about  the  same  time  for  locomotive  boilers 
wfll  be  seen  by  the  dimensions  of  a  few  locomotives  of  approved 
construction,  which  were  found  to  give  satisfactory  results  in  prac- 
tice, and  which  are  recorded  in  the  Table  on  the  following  page. 
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Proportions  of  Different  Locomotives. 


Naxne  of  Engine 

•  G.-eat 
Britain' 

*PalIas' 

*Snake' 

*  Sphinx' 

Diameter  of  cylinder 

i8in. 

IS  in. 

14^  in. 

18  in. 

Length  of  stroke 

24  in. 

20  in. 

21  in. 

24  in. 

Diameter  of  driving 

wheel    . 

8  ft. 

6  ft. 

6ift. 

5  ft. 

Inside  length  of  fire- 

box 

53  in. 

55  in. 

41 4  in. 

44  in. 

Inside  width  of  fire- 

box 

63  in. 

42  in. 

43iin. 

39i>n. 

Height    of    fire-box 

above  bars   . 

63  in. 

sain. 

48^  in. 

SSiin. 

Number  of  fire-bars . 

29 

— 

3a 

x6 

Thickness  of  fire-bars 

fin. 

i|  in. 

|[in. 

I  in. 

Number  of  tubes 

30s 

134 

181 

142 

Outside  diameter  of 

tubes    . 

2  in. 

2  in. 

xi  in. 

aiin. 

Length  of  tubes 

II  ft  3  in. 

10  ft  6  in. 

10  ft  3^  in. 

14  ft.  3|  in. 

Space  between  tubes 

\  in. 

|in. 

^in. 

Inside  diameter  of  fe- 

( 

rules     . 

i^in. 

i^  in. 

'A  in. 

i|in. 

Diameter  of  chimney 

17  in. 

15  in. 

13  in. 

IS*  in. 

Diameter  of  blast  ori- 

fice 

Si  in. 

4|in. 

4iin. 

4lin. 

Area  of  fire  grate 

21  sq.  ft. 

i6'04  sq.  ft 

12*4  sq.  ft 

io'S6  sq.  ft. 

Area  of  air  space  of 

grate    . 

11*4  sq.  ft. 

408  sq.  ft. 

5*54  sq.  ft. 

Ssq.  ft. 

Area  of  tubes  . 

5-46  sq.  ft. 

2*40  sq.  ft 

2*8  sq.  ft 

2*92  sq.  ft. 

Area  through  ferules 

4sq.  ft 

1*64  sq.  ft 

2  sq.  ft. 

2-04  sq.  ft. 

Area  of  chimnev 

1 77  sq.  ft. 

I  -23  sq.  ft 

'921  sq  ft. 

I '31  sq.  ft. 

Area  of  blast  orifice . 

2376  sq.  in. 

i6'8  sq.  in. 

14*18  sq.  in. 

177  sq.  ID. 

Heating    surface    of 

tubes    . 

- 

1627  sq.  ft 

6687  sq.  ft 

823  sq.  ft 

8648  sq.  ft. 

Q,  Are  not  other  boilers  sometimes  now  worked  with  a  forced 
or  artificial  draught  ? 

A,  Yes ;  in  the  case  of  torpedo-boats  and  a  few  other  war  vessels, 
where  the  stoke-hole  is  made  close  and  the  air  is  forced  into  it  by 
a  fan.  But  it  has  long  been  known  that  a  considerable  economy 
of  fuel  and  a  considerable  reduction  in  the  size  of  the  boiler  may 
be  obtained  by  this  expedient,  the  use  of  which  should,  therefore^ 
become  universal.  In  America  a  close  stoke-hole  or  close  ash-pit, 
into  which  air  is  forced  by  a  fan,  was  long  ago  introduced  by  Erics- 
son, and  has  been  very  widely  adopted  by  conmiercial  vessels  in 
that  country.  But  in  this  country  the  device  has  been  employed 
to  only  a  very  limited  extent  altogether,  and  not  at  all  yet  in  mer- 
chant vessels.    The  boilers  of  torpedo-boats,  in  consequence  of  the 
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air  being  forced  into  a  close  stoke-hole,  can  be  made  very  much  on 
the  proportions  of  a  locomotive  boiler.  The  tubes  can  be  longer 
and  smaller  in  diameter  than  in  ordinary  marine  boilers,  and  the 
boilers,  therefore,  can  be  less  in  diameter,  while  from  the  high  tem* 
perature  of  the  furnace  the  heating  surface  is  increased  in  efficiency, 
and  the  heat  of  the  smoke  can  be  more  effectually  extracted. 


THE  BLAST  IN   LOCOMOTIVES. 

Q,  What  is  the  amount  of  draught  produced  in  locomotive 
boilers  in  comparison  with  that  existing  in  other  boilers  ? 

A,  A  good  chimney  of  a  land  engine  will  produce  a  degree  of 
exhaustion  equal  to  from  i^  to  2^  inches  of  water.  In  locomotive 
boilers  the  esdiaustion  is  in  some  cases  equal  to  12  or  13  inches  of 
water,  but  from  3  to  6  inches  is  a  more  common  proportion. 

Q.  And  what  force  of  blast  is  necessary  to  produce  this  exhaus- 
tion? 

A,  The  amount  varies  in  different  engines,  depending  on  the 
seaional  area  of  the  tubes  and  other  circumstances.  But,  on  the 
average,  it  may  be  asserted  that  such  a  pressure  of  blast  as  will 
support  an  inch  of  mercury,  will  maintain  sufficient  exhaustion  in 
the  smoke-box  to  support  an  inch  of  water ;  and  this  ratio  holds 
whether  the  exhaustion  is  little  or  great.  To  produce  an  exhaus- 
tion in  the  smoke-box,  therefore,  of  6  inches  of  water,  the  waste 
steam  would  require  to  be  of  sufficient  pressure  to  support  a  column 
^  6  inches  of  mercury,  which  is  equivalent  to  a  pressure  of  3  lbs. 
on  the  square  inch. 

Q.  How  is  the  force  of  the  blast  regulated? 
A,  By  the  amount  of  contraction  given  to  the  mouth  of  the 
blast  pipe,  which  is  a  pipe  that  conducts  the  waste  steam  from  the 
cylinders  and  debouches  at  the  foot  of  the  chimney.     If  a  strong 
Uast  be  required,  the  mouth  of  this  pipe  requires  to  be  correspond- 
ingly contracted ;  but  such  contraction  throws  a  back  pressure  on 
the  piston,  and  it  is  desirable  to  obtain  the  necessary  draught  with 
as  little  contraction  of  the  blast  pipe  as  possible.     The  blast  pipe 
b  sometimes  a  breeches  pipe,  of  which  the  legs  join  just  before 
reaching  the  chimney ;  but  it  is  better  to  join  the  two  cylinders 
below,  and  to  let  a  single  pipe  ascend  to  within  12  or  18  inches  of 
tike  foot  of  the  chimney.     If  made  with  too  short  a  piece  of  pipe 
above  the  joining,  the  steam  will  be  projected  against  each  side  of 
the  chimney  alternately,  and  the  draught  will  be  damaged  and  the 

M  2 
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chimney  worn.    The  blast  pipe  should  not  be  regularly  tapered, 
but  should  be  large  in  the  body  and  gathered  in  at  the  mouth. 

Q.  Is  a  large  and  high  chimney  conducive  to  strength  of 
draught  in  locomotives  ? 

A,  It  has  not  been  found  to  be  so.  A  chimney  of  three  or  four 
times  its  own  diameter  in  height  appears  to  answer  fiilly  as  well 
as  a  longer  one  ;  and  it  was  found  that  when  in  an  engine  with 
17-inch  cylinders  a  chimney  of  15^  inches  was  substituted  for  a 
chimney  of  17  J  inches,  a  superior  performance  was  the  result.  The 
chimney  of  a  locomotive  should  have  half  the  area  of  the  tubes  at 
the  ferrules,  which  is  the  most  contracted  part,  and  the  blast  orifice 
should  have  ^th  of  the  area  of  the  chimney.  The  sectional  area 
of  the  tubes  through  the  ferrules  should  be  as  large  as  possible. 
Tubes  without  ferrules,  it  is  found,  pass  one-fourth  more  air,  and 
tubes  with  ferrules  only  at  the  fire-box  end  pass  one-tenth  more  air, 
than  when  there  are  ferrules  at  both  ends. 

Q.  Is  the  exhaustion  produced  by  the  blast  as  great  in  the  fire- 
box as  in  the  smoke-box  1 

A,  Experiments  have  been  made  to  determine  this,  and  in  few 
cases  has  it  been  found  to  be  more  than  about  half  as  great  at 
ordinary  speeds  ;  but  much  depends  on  the  amount  of  contraction 
in  the  tubes.  In  an  experiment  made  wit*h  an  engine  having  147 
tubes  of  I J  inches  external  diameter  and  13  feet  10  inches  long, 
and  with  a  fire  grate  having  an  area  of  9^  square  feet,  the  exhaus- 
tion at  all  speeds  was  found  to  be  three  times  greater  in  the  smoke- 
box  than  in  the  fire-box.  The  exhaustion  in  the  smoke-box  was 
generally  equivalent  to  12  inches  of  water,  while  in  the  fire-box  it 
was  equivalent  to  only  4  inches  of  water ;  showing  that  4  inches 
were  required  to  draw  the  air  through  the  grate  and  8  inches 
through  the  tubes. 

Q.  What  will  be  the  increase  of  evaporation  in  a  locomoti^t 
from  a  given  increase  of  exhaustion  .'* 

A,  The  rate  of  evaporation  in  a  locomotive  or  any  other  boiler 
will  vary  as  the  quantity  of  air  passing  through  the  fire,  and  the 
quantity  of  air  passing  through  the  fire  will  vary  nearly  as  the 
square  root  of  the  exhaustion.  With  four  times  the  exhaustioOt 
therefore,  there  will  be  about  twice  the  evaporation,  and  experiment 
shows  that  this  theoretical  law  holds  with  tolerable  accuracy  in 
practice. 

Q.  But  the  same  exhaustion  will  not  be  produced  by  a  gi\-en 
strength  of  blast  in  all  engines  ? 
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A.  No  ;  engines  with  contracted  fire  grates  and  an  inadequate 

sectional  area  of  tubes  will  require  a  stronger  blast  than  engines 

of  better  proportions  ;  but  in  any  given  engine  the  relations  bet^'een 

the  blast  exhaustion  and  evaporation  hold  which  have  been  already 

defined. 

^  Is  the  intensity  of  the  draught  under  easy  regulation  ? 
A,  The  intensity  of  the  draught  may  easily  be  diminished  by 
partially  closing  the  damper,  and  it  may  be  increased  by  contract- 
ing the  orifice  of  the  blast  A  variable  blast  pipe,  the  orifice  of 
which  may  be  enlarged  or  contracted  at  pleasure,  has  been  used 
in  some  cases.  There  are  various  devices  for  this  purpose,  but  the 
best  appears  to  be  that  adopted  in  Stephenson's  engine,  where  a 
conical  nozzle  was  moved  up  or  down  within  the  blast  pipe,  which 
was  made  somewhat  larger  in  diameter  than  the  base  of  the  cone, 
but  uith  a  ring  projecting  internally,  against  which  the  base  of  the 
cone  abutted  when  the  nozzle  was  pushed  up.  When  the  nozzle 
stood  at  the  top  of  the  pipe,  the  whole  of  the  steam  had  to  pass 
throagh  it,  and  the  intensity  of  the  blast  was  increased  by  the  in- 
creased velocity  thus  given  to  the  steam  ;  whereas,  when  the  nozzle 
vas  moved  downward,  the  steam  escaped  through  the  annular 
opening  left  between  the  nozzle  and  the  pipe,  as  well  as  through 
the  Doole  itself,  and  the  intensity  of  the  blast  was  diminished  by 
the  enlargement  of  the  opening  for  the  escape  of  the  steam  thus 
made  available.    This  plan,  however,  is  now  little  used. 

j2>  What  is  the  best  diameter  for  the  tubes  of  locomotive 
boilers? 

A.  Taking  for  types  of  differing  systems  examples  of  well-known 
locomotives,  made  before  the  best  proportions  were  finally  settled, 
it  will  be  found  that  Bury's  locomotive  with  14-inch  cylinders  con- 
tained 92  tubes  of  2^th  inches  external  diameter,  and  10  feet  6  inches 
long;  whereas  Stephenson's  locomotive  with  15-inch  cylinders  con- 
tained 150  tubes  of  i|ths  external  diameter,  13  feet  6  inches  long. 
In  Stephenson's  boiler,  in  order  that  the  part  of  the  tubes  next  the 
chimney  might  be  of  any  avail  for  the  generation  of  steam,  the 
drat^ht  had  to  be  very  intense,  which  in  its  turn  involved  a  con- 
aderable  expenditure  of  power  ;  and  it  is  questionable  whether  the 
increased  expenditure  of  power  upon  the  blast,  in  Stephenson's 
kmg-tubed  locomotives,  was  compensated  by  the  increased  genera- 
tion of  steam  consequent  upon  the  extension  of  the  heating  surface. 
When  the  tubes  are  small  in  diameter  they  are  apt  to  become  par- 
tially choked  with  pieces  of  coke  ;  but  an  internal  diameter  of  i|ths 
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maybe  employed  without  inconvenience,  if  tliedraught  be  ofmediDm 
intensity  and  the  tubes  not  very  long. 

Q.  Will  you  illustrate  the  relation  between  the  length  and 
diameter  of  locomotive  lubes  by  a  comparison  with  the  proponion 
of  flues  in  flue  boilers  i 

A.  In  most  locomotives  the  velocity  of  the  draught  is  such  that 
it  would  require  \ery  long  tubes  to  extract  the  heat  from  the  pro- 
ducts of  combustion,  if  the  heat  were  transmitted  through  the  metal 
of  the  tubes  with  only  the  same  facility  as  through  the  iron  of  ordi- 
nary flue  boilers.  The  'Nile'  steamer,  with  engines  of  i  to  nominal 
horse-power  each,  and  with  two  boilers  having  two  independent 
flues  in  each,  of  such  dimensions  as  to  make  each  flue  equivalent 
to  55  nominal  horse-power,  worked  at  6z  per  cent,  above  the 
nominal  power,  so  that  the  actual  evaporative  efficacy  of  each  Hue 
would  be  equivalent  to  89  actual  horse-power,  supposing  the 
engines  to  operate  without  expansion ;  but  as  the  mean  pressure 
in  the  cylinder  was  somewhat  less  than  the  initial  pressure,  the 
evaporative  efficacy  of  each  flue  might  be  reckoned  equivalent  to 
80  actual  horse-power.  With  this  evaporative  power  there  was  a 
calorimeter  of  990  square  inches,  or  i;-3  square  inches  per  actual 
horse  power  ;  whereas  in  Stephenson's  locomotive  with  150  tubes, 
if  the  evaporative  power  were  taken  at  200  cubic  feet  of  water  in. 
the  hour,  the  engine  would  be  equal  to  200  actual  horse-power. 
If  the  internal  diameter  of  the  tubes  be  taken  at  i^lhs  or  thirteen- 
eighlhs  of  an  inch,  the  calorimeter  per  actual  horse-power  will  only 
be  1-1136  square  inches,  or  in  other  words  the  calorimeter  in  the 
locomotive  boiler  will  be  t  I'll  times  less  than  in  the  flue  boiler  for 
the  same  power,  so  that  the  draught  in  the  locomotive  must  be 
1 1-1 1  times  stronger,  and  the  ratio  of  the  length  of  the  tube  to  its 
diameter  I  i-i  i  times  greater  than  In  the  Rue  boiler,  supposing  the 
heat  to  be  transmitted  with  only  the  same  facility.  The  Rue  of  ihc 
'  Nile '  would  require  to  be  35}  Inches  in  diameter  if  made  of  il« 
cylindrical  form,  and  47  J  feet  long  :  the  tubes  of  a  locomotive  of 
Ijths  inch  diameter  would  only  require  to  be  22-19  inches  lonj 
with  the  same  velocity  of  draught;  but  as  the  draught  is  itn 
times  faster  than  in  a  flue  boiler,  the  tubes  ought  to  be  1465;^ 
inches,  or  about  20^  feet  long,  according  to  this  proportion.  In 
practice,  however,  they  are  one-third  less  than  this,  which  reduce* 
the  heating  surface  Irom  g  to  6  square  feet  per  actual  horse-power, 
and  this  length  even  is  found  to  be  inconvenient.  It  is  greatly  ,. 
preferable,  therefore,  to  increase  the  calorimeter,  and  diminish  i^i^h 
intensity  of  the  draught.  ^| 
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BOILER  CHIMNEYS. 

Q.  By  what  process  do  you  ascertain  the  dimensions  of  the 
chimney  of  a  land  boiler  ? 

^.  By  a  reference  to  the  volume  of  air  it  is  necessary  in  a 
given  time  to  supply  to  the  burning  fuel,  and  to  the  velocity  of 
motion  produced  by  the  rarefaction  in  the  chimney  ;  for  the  area 
of  the  chimney  requires  to  be  such,  that  with  the  velocity  due  to 
that  rarefaction,  the  quantity  of  air  requisite  for  the  combustion  of 
the  fuel  shall  pass  through  the  furnace  in  the  specified  time.   Thus, 
if  200  cubic  feet  of  air  of  the  atmospheric  density  are  required  for 
the  combustion  of  a  pound  of  coal — though  250  feet  is  nearer  the 
quantity  generally  required — and  10  lbs.  of  coal  per  horse -power 
per  hour  are  consumed  by  an  engine,  then  2,000  cubic  feet  of  air 
must  be  supplied  to  the  furnace  per  horse- power  per  hour,  and  the 
area  of  the  chimney  must  be  such  as  to  deliver  this  quantity  at  the 
increased  bulk  due  to  the  high  temperature  of  the  chimney,  when 
moving  with  the  velocity  the  rarefaction  within  the  chimney  occa- 
sions, and  which,  in  small  chimneys,  is  usually  such  as  to  support 
a  column  of  half  an  inch  of  water.     The  velocity  with  which  a 
denser  fluid  flows  into  a  rarer  one  is  equal  to  the  velocity  a  heavy 
body  acquires  in  falling  through  a  height  equal  to  the  difference  of 
ahitude  of  two  columns  of  the  heavier  fluid  of  such  heights  as  will 
produce  the  respective  pressures  ;  and,  therefore,  when  the  differ- 
ence of  pressure  or  amount  of  rarefaction  in  the  chimney  is  known, 
it  is  easy  to  tell  the  velocity  of  motion  which  ought  to  be  produced 
by  it     In  practice,  however,  these  theoretical  results  are  not  to  be 
trusted,  until  they  have  received  such  modifications  as  will  make 
4em  representative  of  the  practice  of  the  most  experienced  con- 
structors. 

Q.  What,  then,  is  the  rule  followed  by  the  most  experienced 
constructors? 

A,  Boulton  and  Watt's  rule  for  the  dimensions  of  the  chimney 
of  a  land  engine  is  as  follows  : — Multiply  the  number  of  pounds  of 
coal  consumed  under  the  boiler  per  hour  by  12,  and  divide  the 
pioduct  by  the  square  root  of  the  height  of  the  chimney  in  feet ; 
the  quotient  is  the  area  of  the  chimney  in  square  inches  in  the 
mallest  part  A  factory  chimney  suitable  for  a  20-horse  boiler 
is  commonly  made  about  20  inches  square  inside,  and  80  feet 
high  ;  and  these  dimensions  are  those  which  answer  to  a  con- 
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sumption  of  15  lbs.  of  coal  per  horse-power  per  hour,  which 
very  common  consumpiion  in  factory  engines  of  the  old  type. 
15  lbs.  of  coal  be  consumed  per  horse-power  per  hour,  the  ti 
consumption  per  hour  in  a  20-horse  boiler  tviU  be  300  lbs.,  and 
multiplied  by  12-3,600,  and  divided  by  9  (the  square  root  of 
height)  =•  400,  which  is  the  area  of  the  chimney  in  square 
It  will  not  answer  well  to  increase  the  height  of  a  chimney  of 
area  to  more  than  40  or  50  yards,  without  also  increasing  the  a 
nor  will  it  be  of  utility  lo  increase  the  area  much  without  also 
creasing  the  height.  The  quantity  of  coal  consumed  per  hour  ii 
pounds,  multiplied  by  5,  and  divided  by  the  square  root  of  thi 
height  of  the  chimney,  is  the  proper  collective  area  of  the  openings 
between  the  bars  of  the  grate  for  the  admission  of  air 
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Q.  Is  this  rate  applicable  to  the  chimneys  of  steatr 
A.  In  steam  vessels  Boulton  and  Watt  were  long 
of  allowing  8^  square  inches  of  area  of  chimney  per  horse-power, 
but  they  subsequently  allowed  6  square  inches  to  7  square  inches. 
In  some  steam  vessels  a  steam  blast  like  that  of  a  locomotive,  but 
of  a  smaller  volume,  is  used  in  the  chimney,  and  many  of  the  evils 
of  a  boiler  deficient  in  draught  may  be  remedied  by  this  expedient 
But  a  steam  blast  in  a  low-pressure  engine  occasions  an  obvious 
waste  of  steain ;  it  also  makes  an  unpleasant  noise,  and  in  steam 
vessels  it  frequently  produces  the  inconvenience  of  carrjing  the 
smaller  pieces  of  the  coal  up  the  chimney,  and  scattering  them  o\  er 
the  deck  among  the  passengers.  It  is  advisable,  therefore,  10  give 
a  sufficient  calorimeter  in  all  low-pressure  bailers,  and  a  sufHcient 
height  of  chimney  to  enable  the  chimney  to  operate  without  a 
steam  jet ;  but  it  is  useful  to  know  that  a  steain  jet  is  a  resource 
in  the  case  of  a  defective  boiler,  bad  coals,  or  where  the  boiler  has 
to  be  urged  beyond  its  power.  ^M 

STEAM    ROOM   AND   PRIMtNG.  ^| 

Q.  What  is  the  capacity  of  steam  room  allowed  in  boilers  per 
horse-power  ? 

A.  The  capacity  of  steam  room  allowed  by  Boulton  and  Wan 
in  Iheir  land  waggon  boilers  was  8}  cubic  feet  per  horse-power  in 
the  2  horse-power  boiler,  and  ;J  cubic  feet  in  the  10  horse-power 
boiler  ;  and  in  the  larger  class  of  boilers,  such  as  those  suitable  (or 
30  and  4;  horse-power  engines,  the  capacity  of  the  ste 
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not  fall  below  this  amount,  and  indeed  was  nearer  6  than  5}  cubic 
feet  per  horse-power.  The  content  of  water  was  \Z\  cubic  feet  per 
horse-power  in  the  2  horse-power  boiler,  and  15  cubic  feet  per 
horse-power  in  the  20  horse-power  boiler. 

g.  Was  this  the  proportion  Boulton  and  Watt  allowed  in  their 
marine  boilers  ? 

A.  Boulton  and  Watt  in  their  early  steam  vessels  were  in  the 

habit  of  allowing  for  the  capacity  of  the  steam  space  in  marine 

boilers  16  times  the  content  of  the  c>'linder  ;  but  as  there  were 

two  cylinders,  this  was  equivalent  to  8  times  the  content  of  both 

cylinders,  which  was  the  proportion  commonly  followed  in  their 

land  engines,  and  which  agrees  very  nearly  with  the  proportion  of 

between  5  and  6  cubic  feet  of  steam  room  per  horse-power  already 

refened  ta   Taking  for  example  an  engine  with  23  inches  diameter 

of  cylinder  and  4  feet  stroke,  which  will  be  184  horse-power,  the 

area  of  the  cylinder  will  be  415-476  square  inches,  w^hich  multiplied 

by  48,  the  number  of  inches  in  the  stroke,  will  give  19,942*848  for 

the  capacity  of  the  cylinder  in  cubic   inches  ;  8  times  this  is 

'59>542784  cubic  inches,  or  923  cubic  feet ;  92-3  divided  by  18*4  is 

rather  more  than  5  cubic  feet  per  horse-power. 

j2.  Is  the  production  of  the  steam  in  the  boiler  uniform  through- 
out the  stroke  of  the  engine  } 

A,  it  varies  with  the  slight  variations  in  the  pressure  within 
the  boiler  throughout  the  stroke.     Usually  the  larger  part  of  the 
steam  is  produced  during  the  first  part  of  the  stroke  of  the  engine, 
for  there  is  then  the  largest  demand  for  steam,  as  the  steam  being 
commonly  cut  off  somewhat  before  the  end  of  the  stroke,  the  pres- 
s^^e  rises  somewhat  in  the  boiler  during  that  period,  and  little 
steam  is  then  produced.    There  is  less  necessity  that  the  steam 
space  should  be  large  when  the  flow  of  steam  from  the  boiler  is 
very  uniform,  as  it  will  be  where  there  are  two  engines  attached  to 
the  boiler  at  right  angles  with  one  another,  or  where  the  engines 
work  at  a  great  speed,  as  in  the  case  of  locomotive  engines.    A 
high  steam  chest,  too,  by  rendering  boiling  over  into  the  steam 
pipes,  or  priming,  as  it  is  called,  more  difficult,  obviates  the  neces- 
sity for  so  large  a  steam  space  ;  as  does  also  a  perforated  steam 
pipe  stretching  through  the  length  of  the  boiler,  so  as  not  to  take 
the  steam  from  one  place.     The  use  of  steam  of  a  high  pressure, 
worked  expansively,  has  the  same  operation ;  so  that  in  modem 
marine  boilers,  of  the  tubular  construction,  where  the  whole  or 
most  of  these  modifying  circumstances  exist,  there  is  no  necessity 
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fbr  so  large  a  proportion  of  sieam  room  as  5  or  6  cubic  feci  per 
nominal  horse-power,  and  about  one  hatf  a  cubic  foot  of  sieam 
room  per  cubic  foot  of  water  evaporated,  more  nearly  represents 
the  general  practice. 

Q.  Is  this  the  proportion  of  steam  room  adopted  in  locomotive 
boilers? 

A.  No;  in  locomotive  boilers  the  proportion  of  steam  room 
per  cubic  foot  of  water  evaporated  is  considerably  less  even  than 
this.  It  does  not  usually  exceed  \  of  a  cubic  fool  per  cubic  fool 
of  water  evaporated  ;  and  with  clean  water,  with  a  steam  donie 
a  few  feet  high  set  on  the  barrel  of  the  boiler,  or  with  a  perforated 
pipe  stretching  from  end  to  end  of  the  barrel,  and  with  the  steam 
room  divided  about  equally  between  the  barrel  and  the  fire-box, 
verj-  little  priming  is  found  to  occur  even  with  this  small  propor- 
tion of  total  steam  room.  About  }  the  depth  of  the  barrel  is 
usually  filled  with  water,  and  ^t  with  steam. 

Q,  What  is  priming  ? 

A.  Priming  is  a  violent  agitation  of  the  water  within  the  boiler, 
in  consequence  of  which  a  large  quantity  of  water  passes  off  with 
the  steam  in  the  shape  of  froth  or  spray.  Such  a  result  is  injurious, 
both  as  regards  the  efficacy  of  the  engine  and  the  safety  of  the 
engine  and  boiler ;  for  the  large  volume  of  hot  water  carried  over 
by  the  steam  in  condensing  engines  impairs  the  vacuum,  and  throws 
a  great  load  upon  the  air  pump,  which  diminishes  the  speed  and 
available  power  of  the  engine  ;  and  the  existence  of  water  within 
the  cylinder,  unless  there  be  safety  vahes  upon  the  cylinder  to 
permit  its  escape,  will  very  probably  cause  some  part  of  the 
machinery  to  break,  by  suddenly  arresting  the  motion  of  the 
piston  when  it  meets  the  surface  of  the  water, — the  slide  valve 
being  closed  to  the  condenser  before  the  termination  of  the  stroke 
in  all  engines  with  lap  upon  the  valves,  so  that  the  water  within 
the  cylinder  is  prevented  from  escaping  in  that  direction  if  the 
slide  valve  be  of  the  kind  which  will  not  leave  its  face.  At  tl 
same  time  the  boiler  is  emptied  of  its  water  too  rapidly  for 
feed  pump  to  be  able  to  maintain  the  supply,  and  the  tubes  aiC. 
danger  of  being  burnt  from  a  deficiency  of  water  above  them. 

Q.  What  are  the  causes  of  priming  ? 

A.  TTie  causes  of  priming  are  an  insufficient  amount  of  steam 
room,  an  inadequate  area  of  water-level,  an  insufficient  width 
between  the  flues  or  tubes  for  the  ascent  of  the  steam  and  the 
descent  of  water  to  supply  the  vacuit)'  the   rise  of  the  s 
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occasions,  and  the  use  of  dirty  water.     New  boilers   prime   more 

than  old  boilers,  and  steamers  entering  rivers  from  the  sea  are 

more  addicted  to  priming  than  if  sea  or  river  water  alone  had 

been  used  in  the  boilers— probably  from  the  boiling  point  of  salt 

water  being  higher  than  that  of  fresh,  whereby  the  salt  water  acts 

like  so  much  molten  metal  in  raising  the  fresh  water  into  steam. 

Opening  the  safety  valve  suddenly  may  make  a  boiler  prime,  and 

if  the  safety  valve  be  situated  near  the  mouth  of  the  steam  pipe, 

the  spray  or  foam  thus  created  may  be  mingled  with  the  steam 

passing  into  the  engine,  and  materially  diminish  its  effective  power ; 

bat  if  the  safety  valve  be  situated  at  a  distance  from  the  mouth  of 

the  steam  pipe,  the  quantity  of  foam  or  spray  passing  into  the 

engine  may  be  diminished  by  opening  the  safety  valve  ;  and  in 

locomotives,  therefore,  it  is  found  beneficial  to  have  a  safety  valve 

on  the  barrel  of  the  boiler  at  a  point  remote  from  the  steam  chest, 

by  partially  opening  which,  any  priming  in  that  part  of  the  boiler 

adjacent  to  the  steam  chest  is  checked,  and  a  purer  steam  than 

before  passes  to  the  engine. 

0.  What  is  the  proper  remedy  for  priming  ? 
A,  When  a  boiler  primes,  the  engineer  generally  closes  the 
throttle  valve,  partially  turns  off  the  injection  water,  if  a  condensing 
engine  operating  by  jet,  and  opens  the  furnace  doors,  whereby  the 
generation  of  steam  is  checked,  and  a  less  violent  ebullition  in  the 
Wer  suffices.  Where  the  priming  arises  from  an  insufficient 
amount  of  steam  room,  it  may  be  mitigated  by  putting  a  higher 
pressiu^  upon  the  boiler  and  working  more  expansively,  or  by  the 
interposition  of  a  perforated-  plate  between  the  boiler  and  the  steam 
chest,  which  breaks  the  ascending  water  and  liberates  the  steam. 
In  some  cases,  however,  it  may  be  necessary  to  set  a  second  steam 
chest  on  the  top  of  the  existing  one,  and  it  will  be  preferable  to 
establish  a  conmiunication  with  this  new  chamber  by  means  of  a 
number  of  small  holes,  bored  through  the  iron  plate  of  the  boiler, 
nuher  than  by  a  single  large  orifice.  Where  priming  arises  from 
the  existence  of  dirty  water  in  the  boiler,  the  evil  may  be  remedied 
by  the  use  of  collecting  vessels,  or  by  blowing  off  largely  from  the 
torface ;  and  where  it  arises  from  an  insufficient  area  of  water-level, 
or  an  insufficient  width  between  the  flues  for  the  free  ascent  of  the 
*tcam  and  the  descent  of  the  superincumbent  water,  the  evil  may 
he  abated  by  the  addition  of  circulating  pipes  in  some  part  of  the 
boiler,  which  will  allow  the  water  to  descend  freely  to  the  place 
from  whence  the  steam  rises,  the  width  of  the  water  spaces  being 
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virtually  increased  by  restricting  their  funclion  to  the  iransmissioa 
of  a  current  of  steam  and  water  to  the  surface.  It  is  desirabli 
arrange  the  healing  surface  in  such  a  way  that  the  feed  waief' 
entering  tlie  boiler  at  its  lowest  point  is  heated  gradually 
ascends,  until  towards  the  superior  part  of  the  boiler  it  is  raised 
gradually  into  steam  ;  but  in  all  cases  there  will  be  currents  in  the 
boiler  for  which  it  is  proper  to  provide.  The  steam  pipe  proceeding 
to  the  engine  should  obviously  be  attached  to  the  highest  point  of 
the  steam  chest,  in  boilers  of  every 

Q.  Having  now  stated  the  proportions  proper  to  be  adopted  fo^j 
evaporating  any  given  quantity  of  water  in  steam  boilers,  will  y 
proceed  to  show  how  you  would  proportion  a  boiler  to  do  a  giv 
amount  of  work — say  a  locomotive  boiler  which  will  propel  a  tra 
of  100  tons  weight  at  a  speed  of  50  miles  an  hour  ? 

A.  According  to  experiments  on  the  resistance  of  railway  iraiM 
at  various  tates  of  speed  made  by  Sir  I).  Gooch,  of  the  Great 
Western  Railway,  it  appears  that  a  train  weighing  with  locomotive^ 
lender,  and  carriages,  about  loo  Ions,  experiences,  at  a  speed  of  50 
miles  an  hour,  a  resistance  of  about  3,000  lbs.,  or  about  30  lbs.  per 
ton  ;  which  resistance  includes  the  resistance  of  the  engine  as  w< "' 
as  that  of  the  traia  This,  therefore,  is  the  force  which  must 
imparted  at  tlie  circumference  of  the  driving  wheels,  except 
small  part  intercepted  by  the  engine  itself,  and  the  force  exerted  by' 
the  pistons  must  be  greater  than  that  at  the  circumference  of  the 
driving  wheel,  in  the  proportion  of  their  slower  motion,  or  in  the 
proportion  of  the  circumference  of  the  driving  wheel,  to  the  length 
of  a  double  stroke  of  the  engine.  If  the  diameter  of  the  driving 
wheel  be  5J  feet,  its  circumference  will  be  17-278  feet,  and  if  the 
length  of  the  stroke  be  18  inches,  the  length  of  a  double  stroke  u-ill 
be  3  feet.  The  pressure  on  the  pistons  must  therefore  be  greater 
than  the  traction  at  the  circumference  of  the  driving  wheel,  in  the 
proportion  of  17-278  to  3.  or,  in  other  words,  the  mean  pressure  on 
the  pistons  must  be  17,278  lbs.;  and  the  area  of  cylinders,  and 
pressure  of  steam,  must  be  such  as  to  produce  conjointly  (lut 
total  pressure.  It  thus  becomes  easy  10  tell  the  volume  and  pres- 
sure of  steam  required,  which  steam  in  its  turn  represents  its 
equivalent  of  water  which  is  to  be  evaporated  from  the  boiler,  and 
the  boiler  must  be  so  proportioned,  by  the  rules  already  ^ven,  u 
to  evaporate  this  water  freely.  In  the  case  of  a  steam  vessel  the 
mode  of  procedure  is  the  same,  and  when  the  resistance  and  speed 
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STRENGTH  OF  BOILERS. 

Q,  What  Strain  should  the  iron  of  boilers  be  subjected  to  in 
working  ? 

A.  The  iron  of  boilers,  like  the  iron  of  machines  or  structures, 
b  capable  of  withstanding  a  tensile  strain  of  from  50,000  to  60,000 
lbs.  upon  every  square  inch  of  section  ;  but  it  will  only  bear  a  third 
of  this  strain  without  permanent  derangement  of  structure,  and  it 
does  not  appear  expedient  in  any  boiler  to  let  the  strain  much 
exceed  5,000  lbs.  upon  the  square  inch  of  sectional  area  of  metal, 
especially  if  it  is  liable  to  be  weakened  by  corrosion. 

Q.  Have  any  experiments  been  made  to  determine  the  strength 
of  boilers  } 

A.  The  question  of  the  strength  of  boilers  was  investigated  very 
elaborately  some  years  ago  by  a  committee  of  the  Franklin  Insti- 
tute, in  America,  and  it  was  found  that  the  tenacity  of  iron  boiler 
plate  increased  with  the  temperature  up  to  550°,  at  which  point  the 
tenacity  began  to  diminish.  At  32°,  the  cohesive  force  of  a  square 
inch  of  section  was  56,000  lbs.  ;  at  570"",  it  was  66,5cxd  lbs.;  at  720°, 
55>ooo  lbs. ;  at  1,050°,  32,cxx>  lbs. ;  at  1,240"^,  22,000  lbs. ;  and  at 
''3^7°)  9»ooo  lbs.  Copper  follows  a  different  law,  and  appears  to 
be  diminished  in  strength  by  every  addition  to  the  temperature. 
At  32°  the  cohesion  of  copper  was  found  to  be  32,800  lbs.  per 
square  inch  of  section,  which  exceeds  the  cohesive  force  at  any 
higher  temperature,  and  the  square  of  the  diminution  of  strength 
seems  to  keep  pace  with  the  cube  of  the  increased  temperature. 
Strips  of  iron  cut  in  the  direction  of  the  fibre  were  found  to  be 
about  6  percent  stronger  than  when  cut  across  the  grain.  Repeated 
piling  and  welding  was  found  to  increase  the  tenacity  of  the  iron, 
but  the  result  of  welding  together  different  kinds  of  iron  was  not 
found  to  be  favourable.  The  accidental  overheating  of  a  boiler 
*'as  found  to  reduce  the  ultimate  or  maximum  strength  of  the 
plates  from  65,000  lbs.  to  45,000  lbs.  per  square  inch  of  section, 
«wd  riveting  the  plates  was  found  to  occasion  a  diminution  in  their 
strength  to  the  extent  of  one-third.  These  results,  however,  are  not 
precisely  the  same  as  those  obtained  by  Sir  W.  Fairbaim. 

2-  What  were  the  results  obtained  by  him  ? 

A,  He  found  that  boiler  plate  bore  a  tensile  strain  of  23  tons 
per  square  inch  before  rupture,  which  was  reduced  to  35,700  lbs. 
per  square  inch  when  joined  together  by  a  double  row  of  rivets,  and 
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28,600  lbs.  when  joined  together  by  a  single  row  of  rivets,  owing  tttfl 
the  weakening  effect  of  the  rivet  holes. 

Q.  What  pressure  do  cylindrical  boilers  sustain  in  practice 

A.  In  some  of  the  early  locomotive  boilers,  which  were  wo 
with  a  pressure  of  So  lbs.  upon  the  square  inch,  the  thickness  of 
the  plates  was  (jths  of  an  inch,  while  the  barrel  of  the  boiler  was 
39  inches  in  diameter.  It  will  require  a  length  of  32  inches  of  the 
boiler  when  the  plates  are  ;V''^  thick  to  make  up  a  sectional  area 
of  one  square  inch,  and  the  separating  force  will  be  39  limes  3-3 
multiplied  by  80,  which  makes  the  separating  force  9,984  lbs,,  sus- 
tained by  two  square  inches  of  sectional  area — one  on  each  side ; 
or  the  strain  is  4,993  lbs.  per  square  inch  of  sectional  area.  The 
accession  of  strength  derived  from  the  boiler  ends  is  not  here  taken 
into  account  in  this  calculation,  but  neither  is  the  weakening 
effect  counted  that  is  caused  by  the  rivel-holes.  Some  other  loco- 
motives of  4  feet  diameter  of  barrel  and  of  jihs  iron  were  wodwd 
to  as  high  a  pressure  as  200  lbs.  Such  a  load  upon  the  iron  is  cer- 
tainly unsafe,  though  an  approach  10  it  has  now  become  common 
in  both  locomotive  and  marine  boilers.  Thus,  in  various  examples 
of  modem  locomotives  the  pressure  is  1 ;  J  atmospheres  or  191  lbs. 
per  square  inch  with  a  diameter  of  barrel  of  4  feel  or  48  inches, 
and  a  thickness  of  iron  of  -47  or  about  IJnds  of  an  inch,  The 
separating  pressure  is  i9i«48-9,i8o  lbs.,  which  is  supported  by 
a  hoop  of  iron  46  inches  diameter,  1  inch  broad,  and  \\  thick.  If 
we  increase  the  thickness  of  the  hoop  by  j'^^nd,  so  as  to  make  it 
half  an  inch  thick,  we  shall  increase  the  resistance  to  bursting  by 
g'jnd  on  each  side,  or  a  j'^th  on  the  tivo  sides  taken  together; 
and  if  we  increase  the  strength  by  y'gth,  we  must  also  suppose  the 
pressure  to  be  increased  j'glh,  in  order  to  get  the  strain  upon 
each  square  inch  of  section  as  really  existing.  Now  9,180  lbs. 
increased  by  ^th- 9,753  lbs.  This  is  the  separating  pressure  in 
such  boilers  per  square  inch  of  section  of  iron,  or  in  round  numbere 
we  may  call  it  10,000  ibs. 

Q,  Upon  what  principle  should  the  strength  of  s 
be  delennined  ? 

A,  Upon  the  same  principle  which  governs  the  strength 
other  engineering  structures,  and  which  directs  thai  while 
case  of  constant  loads  a  strength  of  three  times  the  breaking  weight 
is  sufficient,  yet  in  the  case  of  variable  or  moving  loads  a  strength 
of  six  times  the  breaking  weight  is  indispensable  10  safety. 

g.  You  have  stated  that  the  maximum  strength  or  breaking 
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weight  of  boiler  plate  varies  according  to  quality  from  50,000  to 
60,000  lbs.  per  square  inch  of  section  ? 
A,  Yes. 

Q,  You  have  also  stated  that  the  weakening  effect  of  the  rivet- 
boles  in  the  case  of  double-riveting  is  to  reduce  the  strength 
reckoned  on  the  whole  plate  to  35,700  lbs.  per  square  inch  of 
section? 

A.  That  is  so. 

Q,.  Then  if  it  be  permissible  to  take  only  one-sixth  of  the 
ultimate  strength  as  the  working  strength,  does  it  not  follow  that 
one-sixth  of  35,700,  or  a  little  under  6,000  lbs.,  is  the  maximum 
strain  to  which  the  iron  of  boilers  should  be  subjected  per  square 
inch  of  section  ? 

i4.  That,  no  doubt,  is  so,  if  the  riveted  seams  be  supposed  to 
nm  in  a  continuous  line  from  end  to  end  of  the  boiler.  But  the 
plates  are  usually  introduced  so  as  to  break  joint  as  in  masonry — 
the  end  of  one  plate  coming  opposite  to  the  middle  of  that  next 
it  This  is  believed  to  increase  the  strength  about  one-sixth,  which 
would  raise  the  maximum  safe  working  strength  to  7,000  lbs.  per 
square  inch  of  section  of  iron.  Any  strain  beyond  this  is  on 
general  g^unds  to  be  reprehended. 

j2.  What  was  the  safe  working  strain  for  boilers  assumed  in 
fonner  editions  of  this  work  ? 

A,  5,000  lbs.  per  square  inch  of  section  of  iron.  But  the 
quality  of  iron  boiler  plate  has  improved  of  late  years,  and  boilers 
ve  now  frequently  formed  of  steel  plate,  which  is  a  good  deal 
stronger  than  iron.  Formerly,  too,  boilers  were  much  more  liable 
to  weakening  from  internal  corrosion  than  now,  especially  in  the 
'cgion  of  the  steam  chest,  from  the  superheating  action  of  the 
Niamey  in  passing  through  it ;  whereas  the  smoke  is  not  now 
^Mocted  through  the  steam  chest  at  all,  but  so  soon  as  it  emerges 

1^  the  tubes  it  enters  the  chimney.  Formerly  it  was  necessary 
^  merely  to  allow  sufficient  material  for  strength,  but  also  to 
•^vc  a  larger  margin  for  wear  than  is  now  required  from  the 
diminished  internal  oxidation.  In  modem  marine  boilers  such 
oxidation  as  occurs  is  below  the  water.  Formerly  it  was  almost 
wholly  above  the  water  line,  and  was  very  serious  in  amount 

S*  What  is  the  strength  of  cast  iron  cylinders  or  pipes,  as  com- 
pared with  double-riveted  cylinders  or  pipes  of  wrought  iron  of  the 
same  thicknes?  ? 
A,  It  is  about  half  as  great 


I  y6        Proper  Proportions  for  Parts  of  Boilers. 

Q.  Is  the  strength  of  riveted  work  much  aflfected  by  the  accu- 
rate pitching  of  the  rivet-holes  ? 

A,  That  has  a  considerable  influence,  and  in  boilers  of  con- 
siderable thickness,  whether  of  iron  or  steel,  the  holes  are  now  very 
frequently  drilled.  In  steel  plates  it  is  found  that  the  condensation 
of  the  metal  round  the  rivet-hole,  produced  by  the  punching  action, 
has  an  injurious  straining  effect,  and  the  plates  are  therefore  either 
annealed  after  punching  or  the  holes  are  rymered  out,  so  as  to 
remove  the  compressed  annulus. 

Q,  Can  you  give  a  safe  rule  for  determining  the  proper  thickness 
of  the  shell  of  a  double-riveted  iron  boiler  ? 

A,  The  working  pressure,  as  we  have  seen,  should  not  be  more 
than  one-sixth  of  the  bursting  pressure,  and  the  strength  of  the 
iron  per  square  inch  of  section  is  reduced  to  42,000  in  consequence 
of  the  weakening  effect  of  the  rivet-holes.  To  get  the  proper 
thickness,  multiply  six  times  the  working  pressure  by  the  radius  of 
the  cylindrical  shell,  and  divide  the  product  by  42,000.  The 
quotient  will  be  the  proper  thickness  of  the  iron  of  the  shell  in 
inches. 

Q.  Will  you  illustrate  this  rule  by  finding  the  proper  thickness 
to  be  given  to  the  double-riveted  shell  of  an  iron  boiler  4  feet 
diameter,  with  a  working  pressure  of  steam  of  1 50  lbs.  per  square 
inch  ? 

A,  Six  ti;ri£3  1 50  lbs.  =•  900  lbs.,  which  is  the  bursting  pressure 
per  square  inch  if  the  boiler  be  properly  proportioned.  The  radius 
of  the  shell  will  be  24  inches,  and  900  x  244-42,000  « '514,  which  is 
the  proper  thickness  of  the  iron  of  the  shell  in  inches. 

Q.  If  you  have  the  thickness  of  the  iron,  and  want  to  know  the 
proper  working  pressure  for  that  thickness,  how  do  you  proceed  ? 

A,  Multiply  42,000  by  the  thickness  in  inches,  and  divide  by 
the  radius  of  the  shell  in  inches.  This  will  give  the  bursting 
pressure  per  square  inch,  one-sixth  of  which  is  the  proper  working 
pressure  per  square  inch. 

Q.  If  you  have  both  the  thickness  of  the  iron  for  the  shell  and 
the  intended  pressure  at  which  the  boiler  is  to  work,  and  wish  to 
know  what  diameter  of  boiler  you  may  employ  with  such  thickness 
and  pressure,  how  is  this  to  be  determined  ? 

A.  Multiply  the  thickness  of  the  iron  in  inches  by  42,000,  and 
divide  the  product  by  six  times  the  working  pressure  in  lbs.  per 
square  inch.  The  quotient  is  the  radius  or  semi-diaipeter  of  the 
shell.     Thus,  if  the  thickness  of  the  iron  be  -514  inches  and  the 
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feoiking  pressure  ijolbs.  per  square  inch,  then  -ju  «  42,000-5-900, 
which  is  six  times  the  working  pressure  -  24,  which  is  ihe  radius  t>\ 
the  shell  in  inches,  and  its  diameter  is  of  course  twice  this,  or  iX 
inches. 

Q.  What  is  the    proportion    usually  observed    between    the 

hold  together  ? 

A.  A  punched  rivet-hole  cannot  be  of  less  diatneter  than  Ihe 
thickness  of  the  plate,  else  the  punch  will  not  pierce  the  iron  but 
will  be  crumpled  up.     A  good  rule  for  the  diameter  of  rivet  is   i  '2 
tinues  the  square  root  of  the  thickness  of  the  plate.     In  overlapped 
joints  subjected  to  considerable  pressure  the  tendency  is  to  draw  the 
overlap  stiaight,  which  causes  the  plates  to  be  grooved  Internally 
It  is  better,  therefore,  to  allow  the  ends  of  the  plates  to  butt,  and 
to  apply  covering  plates  either  on  both  sides  of  the  shell  or  on  the 
inside  alone.     But  these  plates,  if  only  applied  internally,  should 
be  of  greater  thickness  than  the  plate  to  which  they  are  applied 
or,  if  applied  both  within  and  without,  they  should  be  of  greater 
collective  thickness.     The  more  material    proportions  proper  for 
ihu  riveted  joints  of  boilers  are  given  in  the  following  table  :— 

Di.m«er 

LuigThDfrivcl 

Pitch  of  rivtB, 

BrtuHh  of  tap. 
»lnglt.L«dng 

lL 

1 

\ 

il 

i 

3i 

■6 

3 

3l 

Inihecascofdouble-riveted  joints  two-thirds  more  breadth  o 
l»p  is  allowed. 

G-  What  is  the  best  species  of  boiler  known  at  the  presen 
■iiw  for  strength  and  lightness  combined? 

A.  A  steel  boiler  double-riveted  with   rivet-holes  not  punchet 
'«'  drilled.     Machine  riveting,  too,  is  much  mote  efficient  than 
hand  riveting,  and  with  it  less  caulking  suffices.     The  riveting 
_  Cjlinder  should  be  surrounded  by  an  annular  cylinder,  the  functior 
^Llf  which  is  to  press  the  plates  close  together  before  the   rivet  i 
^piCrted,  to  the  end  that  a  lin  may  not  be  forced  out  between  ih 
Hfr».    A  steel  boiler  with  drilled  rivet-hules  will  be  stronger  thar 
Bb  iron  boiler  of  the  same  scanlling  in  the  proportion  of  lo  to  7 

1 

J 
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and  such  boilers  will  bear  with  enduring  safety  a  strain  of  lapco  lbs. 
per  square  inch  on  the  section  of  the  metal  But  the  comparative 
exemption  from  explosions  which  this  country  has  hitherto  enjoyed, 
in  the  case  of  boilers  of  the  most  important  class,  should  not  be 
jeopardised  by  any  attempt  to  diminish  the  weight  at  the  expense 
of  the  safety. 

2.  In  boilers  which  are  not  of  a  cylindrical  form,  how  do  you 
procure  the  requisite  strength  ? 

A,  Where  the  sides  of  the  boiler  are  flat,  instead  of  being 
cylindrical,  a  sufficient  number  of  stays  must  be  introduced  to 
w^ithstand  the  pressure ;  and  it  is  expedient  not  to  let  the  strain 
upon  these  stays,  where  liable  to  corrosion,  be  more  than  3,000  lbs. 
per  square  inch  of  section.  The  stays  should  be  small  and 
numerous  rather  than  large  and  few  in  number,  as,  when  large 
stays  are  employed,  it  is  difficult  to  keep  them  tight  at  the  ends, 
and  oxidation  of  the  shell  follows  from  leakage  at  the  ends  of  the 
stays.  All  boilers  should  be  proved,  when  new,  to  twice  the  pres- 
sure they  are  intended  to  bear  in  working,  and  they  should 
proved  occasionally  by  the  hand  pump  when  in  use,  to  detect 
weakness  which  corrosion  may  have  occasioned. 

Q.  Are  cylindrical   boilers  sometimes  fitted  with  cylindricaiJ] 
internal  furnaces  .'* 

A.  Yes. 

Q.  Are  these  furnaces  as  strong  as  the  shell  if  made  of  iron  ^^f 
the  same  thickness  .'* 

A.  They  are  about  as  strong  if  half  the  diameter  of  the  sbeTH. 
But  such  furnaces  are  now  generally  made  of  corrugated  irc^«, 
whereby  thinner  plates  may  be  employed  than  would  otherwise  "toe 
required. 

BOILER   EXPLOSIONS. 

Q.  What  is  the  chief  cause  of  boiler  explosions  } 
A,  The  chief  cause  of  boiler  explosions  is,  undoubtedly,  too 
great  a  pressure  of  steam,  or  an  insufficient  strength  of  boiler, 
generally  resulting  from  oxidation  ;  but  many  explosions  have  dlso     ' 
arisen  from  the  flues  having  been  suflfered  to  become  red  hot.    If    r 
the  safety  valve  of  a  boiler  be  accidentally  jammed,  or  if  the  plates      * 
or  stays  be  much  worn  by  corrosion,  while  a  high  pressure  of  steam 
is  nevertheless  maintained,  the  boiler  necessarily  bursts  ;  and  il, 
from  an  insufficiency  of  water  in  the  boiler,  or  from  any  other 
cause,  the  flues  become  highly  heated,  they  may  be  forced  down 
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b>'  the  pressure  of  the  steam,  and  a  partial  explosion  may  be  the 
result.    The  worst  explosion  is  where  the  shell  of  the  boiler  bursts  ; 
but  the  collapse  of  a  furnace  or  flue  is  also  very  disastrous,  generally 
to  the  persons  in  the  engine  room  ;  and  sometimes  the  shell  bursts 
and  the  flues  collapse  at  the  same  time  ;  for  if  the  flues  get  red 
bot,  and  water  be  thrown  upon  them  either  by  the  feed  pump  or 
otherwise,  the  generation  of  steam  may  be  too  rapid  for  the  safety 
valve  to  permit  its  escape  with  sufficient  facility,  and  the  shell  of 
the  boiler  may,  in  consequence,  be  rent  asunder.     Sometimes  the 
iron  of  the  flues  becomes  highly  heated  in  consequence  of  the  im- 
proper configuration  of  the  parts,  which,  by  retaining  the  steam  in 
contact  with  the  metal,  prevents  the  acctss  of  the  water.     The 
bottoms  of  large  flues,  upon  which  the  flame  beats  down,  are  very 
liable  to  injury  from  this  cause  ;  and  the  iron  of  flues  thus  acted 
'ipon  may  be  so  softened  that  the  flues  will  collapse  upwards  with 
^e  pressure  of  the  steam.     The  flues  of  boilers  using  salt  water 
^yalso  become  red  hot  in  some  parts  from  the  attachment  of 
^e,  which,  from  its  imperfect  conducting  power,  will  cause  the 
'^on  to  be  unduly  heated  ;  and  if  the  scale  be  accidentally  detached, 
^  partial  explosion  may  occur  in  consequence. 

Q,  Does  the  contact  of  water  with  heated  metal  occasion  an 
'^tantaneous  generation  of  steam  ? 

A.  It  is  found  that  a  sudden  disengagement  of  steam  does  not 

^'timcdiately  follow  the  contact  of  water  with  the  hot  metal,  for 

^'ater  thrown  upon  red  hot  iron  is  not  immediately  converted  into 

^^eam,  but  assumes  the  spheroidal  form  and  rolls  about  in  globules 

^ver  the  surface.     These  globules,  however  high  the  temperature 

^^  the  metal  may  be  on  which  they  are  placed,  never  rise  above 

^c  temperature  of  205%  and  give  off"  but  very  little  steam  ;  but  if 

^c  temperature  of  the  metal  be  lowered,  the  water  ceases  to  retain 

^^c  spheroidal  form,  and  comes  into  intimate  contact  with  the 

^etal,  whereby  a  rapid  disengagement  of  steam  takes  place.     If 

^ater  be  poured  into  a  very  hot  copper  flask,  the  flask  may  be 

Corked  up,  as  there  will  be  scarce  any  steam  produced  so  long  as 

l^c  high  temperature  is  maintained ;  but  so  soon  as  the  temperature 

^  suffered  to  fall  below  350°  or  400°,  the  spheroidal  condition 

^ing  no  longer  maintainable,  steam  is  generated  with  rapidity, 

2nd  the  cork  will  be  projected  from  the  mouth  of  the  flask  with 

great  force. 

Q.  What  precautions  can  be  taken  to  prevent  boiler  explosions  ? 
A.  One  useful  precaution  against  the  explosion  of  boilers  from 

N  2 
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too  great  an  internal  pressure,  consists  in  the  application  of  a  steam 
gauge  to  each  boiler,  which  will  niake  the  existence  of  any  undue 
pressure  in  any  of  the  boilers  immediately  visible ;  and  every 
boiler  should  have  a  safety  valve  of  its  own,  the  passage  leading 
to  which  should  have  no  connection  with  the  passage  leading  to 
any  of  the  stop  valves  used  to  cut  off  the  connection  between  the 
boilers,  so  that  the  action  of  the  safety  valve  may  be  made  inde- 
pendent of  the  action  of  the  stop  valve.  In  some  cases  stop  valves 
have  jammed,  or  have  been  carried  from  their  seats  into  the  mouth 
of  the  pipe  communicating  between  them,  or  have  not  been  opened, 
and  the  action  of  the  safety  valves  should  be  rendered  independent 
of  all  such  accidents.  Safety  valves,  themselves,  sometimes  stick 
fast  from  corrosion,  from  the  spindles  becoming  bent,  from  a 
distortion  of  the  boiler  top  with  a  high  pressure,  in  consequence  of 
which  the  spindles  become  jammed  in  the  guides,  from  a  larger 
expansion  of  the  brass  seat  than  of  the  cast  iron  socket  in  which 
it  is  set,  and  from  various  other  causes  which  it  would  be  tedious 
to  enumerate. 

Q,  What  was  the  cause  of  the  explosion  in  H.M.  steamer 
*  Thunderer '  ? 

A,  The  stop  valves  of  the  boilers  were  valves  closed  by  a  screw 
against  the  pressure  of  the  steam.  There  were  four  boilers  in  the 
vessel,  each  fitted  with  its  safety  valve  and  stop  valve.  The  stop 
valve  of  the  boiler  which  burst  had  been  accidentally  omitted  to 
be  opened,  and  the  safety  valve,  though  acting  all  right  when  cold, 
stuck  when  hot  from  the  spindle  having  been  made  too  close  a  fit 
in  the  hole  it  passed  through.  There  was  consequently  no  outlet 
afforded  for  the  steam,  and  the  pressure  necessarily  accumulated 
until  it  burst  the  boiler. 
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CHAPTER    IV. 


PROPORTIONS  OF  ENGINES, 


SAFETY  VALVES. 

2-  VMiat  size  of  orifice  is  commonly  allowed  for  the  escape  of 
the  steam  through  the  safety  valve  in  low-pressure  engines  ? 

A.  About  o*8  of  a  circular  inch  per  horse-power,  or  a  circular 
inch  per  i^  horse-power,  was  formerly  a  common  proportion.  The 
following  rule,  however,  will  give  the  dimensions  suitable  for  all 
kinds  of  engines,  whether  high  or  low  pressure : — Multiply  the 
square  of  the  diameter  of  the  cylinder  in  inches  by  the  speed  of 
the  piston  in  feet  per  minute,  and  divide  the  product  by  375  times 
the  pressure  on  the  boiler  per  square  inch ;  the  quotient  is  the 
proper  area  of  the  safety  valve  in  square  inches.  This  rule,  of 
course,  supposes  that  the  evaporating  surface  has  been  properly 
proportioned  to  the  engine  power. 

Q.  What  will  be  the  proper  diameter  of  safety  valve,  according 
to  this  rule,  in  the  case  of  a  high-pressure  engine  with  cylinder  9*2 
inches  diameter,  and  18*4  inches  stroke,  making  210  strokes  per 
minute  with  120  lbs.  steam? 

A.  The  square  of  the  diameter  of  the  cylinder  in  inches  will  be 
84-64.  The  speed  of  the  piston  will  be  6447  feet  per  minute,  and 
84-64  X  6447  -  54,567.  Then  375  times  the  pressure  in  the  boiler 
per  square  inch  » 45,000,  and  54,567-^-45,000 «  r2  square  inches 
area,  or  i  {  inches  diameter  for  the  safety  valve. 

Q.  In  several  foreign  countries  is  not  the  size  of  the  safety  valve 
prescribed  by  law  ? 
j4.  It  is. 

Q.  Can  you  give  the  rule  employed  in  France  for  determining 
the  diameter? 

A-  In  France  the  diameter  of  the  safety  valve  in  centimetres  is 
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2*6  times  the  square  root  of  the  heating  surface  in  square  metres 
divided  by  the  number  of  atmospheres  of  pressure,  less  0*12. 

Q.  Will  you  illustrate  this  rule  by  applying  it  to  the  example 
you  have  just  taken  to  illustrate  the  other  rule  ? 

A.  A  metre  being  3*28  feet,  a  square  metre  will  be  1076  square 
feet,  and  585  square  feet  of  heating  surface  will  be  54*35  square 
metres,  the  square  root  of  which  is  Tyj-  The  pressure  being  120 
lbs.  per  square  inch,  is  equivalent  to  8  atmospheres,  which,  dimin- 
ished by  012,  is  T^Zy  and  7*37  divided  by  788  = -93.  This,  multi- 
plied by  2*6  =  2*418  centimetres,  or  95  English  inches,  which  is  the 
diameter  of  the  valve.     A  centimetre  is  03,937  English  inches. 

Q'  Are  the  same  proportions  adopted  in  other  Continental 
countries  t 

A,  In  Holland  and  some  other  countries  a  similar,  but  not 
identical,  rule  is  adopted. 

Q,  What  is  this  other  rule  "i 

A.  The  diameter  of  the  valve  in  centimetres  is  made  2'6  tim 
the  square  root  of  the  heating  surface  in  square  metres,  divided  b 
the  pressure  in  kilogrammes  per  square  centimetre,  increased  b 
the  constant  0*612. 

Q.  Will  you  go  through  the  figures  as  in  the  previous  example  ? 

A,  The  pressure,  being  120  lbs.  per  square  inch,  will  be  54  ~  5 
kilogrammes  per  square  inch,  there  being  2*2  lbs.  in  a  kilogramn^^. 
A  square  centimetre  is  'i  55  of  a  square  inch,  and  54-5  x  'i  55  «  8.447"  5i 
or  say  8*45,  which  is  the  pressure  in  kilogrammes  per  square  ccati- 
metre.     This  increased  by  the  constant  o-6i2«9o62.     The  hcs^t- 
ing  surface  being  54*35  square  metres,  the  square  root  of  this    is 
7*37,  so  we  have  7*37-7-  by  9*062  =  -814,  and  this  multiplied    t^X 
2*6  =  2*1,164  centimetres,  or  *833  English  inches,  which  is  the  dia- 
meter of  the  valve.     Both  of  these  foreign  rules  therefore  giv^  * 
diameter  somewhat  less  th^n  that  obtained  by  the  English  rule. 

Q.  Is  this  English  rule  applicable  to  locomotives? 

A.  It  is  applicable  to   high-pressure  engines  of  every  kiti^ 
The  dimensions  of  safety  valves,  however,  in  practice  are  ^'^Vi     \ 
variable,  being  in  some   cases  greater,  and  in  some   cases  Xd^ 
than  what  the  rule  gives,  the  consideration  being  apparently  35 
often  what  proportions  will  best  prevent  the  valve  from  sticking  "* 
its  seat,  as  what  proportions  will  enable  the  steam  to  escape  freely. 
In   Hury's  locomotives,  the  safety  valve  was  generally  2^  inched 
diameter  for  all  sizes  of  boiler,  and  the  valve  was  kept  do>»Ti  by  •» 
lever,  formed  in  the  proportion  of  5  to  i,  fitted  at  one  end  with  a 
Salter's  balance.    As  the  area  of  the  valve  was  5  square  inches^ 
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the  number  of  pounds  shown  on  the  spring  balance  denoted  the 
number  of  pounds  pressure  on  each  square  inch  of  the  boiler. 

2.  Is  there  only  one  safety  valve  in  a  locomotive  boiler  ? 

A,  There  are  always  two. 

(2.  And  are  they  always  pressed  down  by  a  spring  balance  and 
never  by  weights  } 

A,  They  are  never  pressed  down  by  weights  ;  in  fact,  weights 
would  not  answer  on  a  locomotive  at  all,  as  they  would  jump  up 
and  down  with  the  jerks  or  jolts  of  the  train,  and  cause  much 
of  the  steam  to  escape.  In  land  and  marine  boilers,  however,  the 
safety  valve  is  often  kept  down  by  weights  ;  but  when  weights  are 
used  in  steam  vessels,  a  good  deal  of  steam  is  lost  in  stormy 
weather  by  the  opening  of  the  valve,  owing  to  the  inertia  of  the 
weights  when  the  ship  sinks  suddenly  in  the  deep  recess  between 
the  waves.  Springs,  therefore,  are  now  widely  adopted  in  steam 
vessels  also.* 

Q,  What  other  sizes  of  safety  valves  have  been  used  in  loco- 
motives } 

A.  Some  were  as  large  as  4  inches  diameter,  giving  12  square 
inches  of  area  ;  and  others  as  small  as  1  ^^  inch  diameter,  giving 
I  square  inch  of  area. 

Q.  And  were  these  valves  all  pressed  down  by  a  Salter's  spring 
^ce.^ 

A.  In  the  great  majority  of  rases  they  were  so,  and  the  lever 
W  which  they  were  pressed  down  was  generally  graduated  in  the 
proportion  of  the  area  of  the  valve  to  unity  ;  that  is,  in  the  case  of 
^  valve  of  12  inches  area,  the  long  end  of  the  lever  to  which  the 
spring  balance  was  attached  was  12  times  the  length  of  the  short 
^<it  so  that  the  weight  or  pressure  on  the  balance  showed  the 
pressure  per  square  inch  on  the  boiler.  In  some  cases,  however,  a 
spiral  spring,  and  in  other  cases  a  pile  of  elliptical  springs,  was  placed 
directly  upon  the  top  of  the  valve.  It  was  difficult,  when  the  lever 
*as  divided  in  such  a  proportion  as  12  to  i,  to  get  sufficient  lift  of 
4e  valve  without  a  large  increase  of  pressure  on  the  spring  ;  and 
^  is  expedient  in  all  cases  to  employ  a  shorter  lever,  which  involves 
^*ther  a  reduction  in  the  area  of  the  valve,  or  an  increased  strength 
^  the  spring. 

2.  Are  there  any  stipulations  prescribed  by  foreign  Governments 
to  ensure  the  safety  of  boilers  besides  those  which  relate  to  the 
proportions  of  safety  valves  ? 

^  Spring  safety  valves  in  steam  vessels  were  first  introduced  by  me  into  the 
'  l^n  Juan '  steamer,  in  1837. 
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Neuj  Form  of  Cock  for  Feed  WaUr. 


A.  There  are  several  others.     The  boiler  has  lo  be  tried  undo  _ 
steam  at  double  the  sanctioned  working  pressure.     The  long  « 
of  the  safety  valve  lever  must  not  be  more  ihan  5  limes  the  Ici^ 
of  the  short  end  ;  the  manhole   musl   be  strengthened  round  fc 
edge  by  a  plate  iron  ring  riveted  to  the  boiler,  so  as  to  double  ihe  ' 
thickness  at  that  part,  and  a  brass  bnnd  outside  ihe  boiler  n 
mark  the  proper  position  of  the  water  level.     There  musl  be  j 
blow-off  cock  to  empty  the  boiler,  ot  to  enable  a  portion  of  the 
water  to  be  blown  out  when  desired,  and  in  many  cases  it  is  pro- 
vided that  there  shall  be  a  back-pressure  valve  somewhere  va  the 
feed  pipe  near  the  boiler,  and  that  a  cock  shall  be  placed  between 
this  valve  and  the  boiler.    The  interposition  of  an  ordinary  cock 
in  this  situation,  however,  involves  the  necessity  of  a  safely  v.ilve 
being  placed  somewhere  in  the  feed  pipe,  else  the  pipe  will  be 
burst,  should  the  engine  be  started  when  the  cock  happens  to  be 
shuL     This  risk  will  be  obviated  by  the  use  of  a  cock  such  as  is 


shown  in  figs.  76,  79,  and  So,  in  which  the  back-pressure  valvea 
incorporated  with  the  cock,  and  forms  a  part  of  it. 

Q.  Will  you  describe  the  structure  and  action  of  this  cock? 

A.  To  do  this  it  will  be  necessary  to  refer  to  the  accompanyil 
figures,  where  fig.  7S  is  a  horizontal  section  through  the 
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fig.  79  a  venica]  cross  section,  and  lig.  80 
section.    Tfae  same  letters  refer  to  the  san 
tions.    A  is  the  body  of  the  cock, 
B  the  plug,  and  c  a  screwed  cover 
throu^  which  the  plug  and  the 
back-pressure  valve  F   are    intro- 
duced, E   is   the   stuffing-box,  and 
D  '\i  the  handle  of  the  cock,   by 
which  it  is  moved — a  small  pointer 
opposite    to    an     index    showing 
wbether  the  cock  is  open  or  shut. 
The  water    passes  in    the  dircc- 
two  of  the  arrows.     In  fig.  78  the 
is  shown  open  to  the  over- 
low,  and  while  in  that  position  no 
"■ater  will  enter  the  boiler.    But  if 
'Iw  handle  be  turned  to  the  oppo- 
site side,  the  outlet  for  the  water 
»"ill  be  closed,  while  the  inlet  re- 
"'^  open,  and  in  such  event  the 
*MM  will    lift   the  valve  F,    and 
*n<er  the  boiler  through  the  pipe 
^bown  in  section  in  fig.  79,  with  the 
">  »hich  the  water  flows. 


vertical  longitudinal 
t  parts  in  all  the  sec- 


pointing  in  the  direction 


STEAM    PASSAGES. 

Q-  ^Vhat  are  the  proper  dimensions  of  the  steam -passages  ? 

^-  In  slow  working  engines  the  common  size  of  the  cylinder 
P*siages  is  one -twenty -fifth  of  the  area  of  the  cylinder,  or  one-fifth 
°f  ibe  diameter  of  the  cylinder,  which  is  the  same  thing.  This 
'"^poctioncorresponds  very  nearly  with  one  square  inch  per  nominal 
■•Wst.powcr,  when  the  length  of  the  cylinder  is  about  equal  to  its 
"'^ineler  ;  and  one  square  inch  of  area  per  nominal  horse-power 
'°r  the  cylinder  ports  and  educiioti  piusages  answers  very  well  in 
^  case  of  engines  working  with  a  low  pressure,  and  at  the  ordinary 
'*»  speed  of  120  feet  per  minute.  The  area  of  the  steam  pipe  is 
luualjy  made  less  than  the  area  of  the  eduction  pipe,  especially 
"hen  the  engine  is  worked  expansively,  and  with  a  considerable 
Wjsure  of  steam.  In  the  case  of  condensing  engines,  however, 
orking  with  the  low  pressure  of  from  4  to  8  lbs.  above  the  atmo- 
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sphere,  Ihe  area  of  ihe  steam  pipe  is  not  less  Ihan  a  circular  ir 
per  nominal  horse  power.  In  such  engines  the  diameter  of  the 
steam  pipe  may  be  found  by  the  following  rule : — Divide  the  numbei 
of  nominal  horse-power  by  o'S,  and  extract  the  square  root  of  ihe 
quotient,  which  will  be  the  internal  diameter  of  the  steam  pipe. 

Q.  Will  you  explain  by  what  process  of  computation  these  pto- 
portions  are  arrived  at  ? 

A.  The  siie  of  the  steam  pipe  is  so  regtilated  that  there  nill  be 
nn  material  disparity  of  pressure  between  the  cjlindcr  and  boiler , 
and  in  fixing  the  size  of  the  eduction  passage  the  same  object  is 
kept  in  view.  When  the  diameter  of  the  cylinder  and  the  velociiy 
with  which  the  piston  travels  are  known,  it  is  easy  to  tell  what  th( 
velocity  of  Ihe  steam  in  the  steam  pipe  will  be  ;  for  if  the  area  i( 
the  cj'linder  be  25  times  greater  than  that  of  the  steam  pipe,  the 
steam  in  the  steam  pipe  must  travel  35  times  faster  than  the  piston, 
and  the  difference  of  pressure  requisite  to  produce  this  velocity  of 
the  steam  can  easily  be  ascertained,  by  finding  what  height  a 
column  of  steam  mu^t  be  to  give  that  velocity,  and  what  the  weight 
or  pressure  is  of  such  a  column.  In  practice,  however,  this  propor- 
tion is  always  exceeded,  from  the  friction,  and  also  from  the  con- 
densation of  steam  in  the  pipe. 

Q.  If  the  relation  you  have  mentioned  subsist  between  the  area 
of  the  St  earn -passages  and  the  \'elocity  of  the  piston,  then  the  pas- 
sages must  be  larger  when  the  piston  travels  very  rapidly  ? 

A.  And  they  are  so  made.  The  area  of  the  ports  of  locomotive 
engines  is  usually  so  proportioned  as  to  be  from  Jth  to  Jth  the  area 
of  the  cylinder  ;  and  in  all  high-speed  engines  the  ports  should  be 
very  large,  and  the  valve  should  have  a  good  deal  of  travel,  so  u 
10  open  the  port  very  quickly.  The  area  of  port  which  it  appears 
advisable  to  give  to  modem  engines  of  every  description  is  cv- 
pressed  by  the  following  rule  : — Multiply  the  area  of  the  cylinder 
in  square  inches  by  the  speed  of  the  piston  in  feet  per  minute,  and 
divide  the  product  by  4.000 ;  the  quotient  is  the  area  of  each 
cylinder  port  in  square  inches.  This  rule  gives  rather  more  than 
a  square  inch  of  port  i<er  nominal  horse-power  to  condensing 
engines  working  at  Wait's  ordinary  speed  ;  but  the  excess  is  but 
small,  and  is  upon  Ihe  right  side.  For  engines  travelling  ver)' 
fast  it  gives  a  good  deal  more  area  than  the  common  proportion, 
which  is  too  small  in  nearly  ever)-  case.  In  locomotive  engines 
the  eduction  pipe  passes  into  the  chimney,  and  the  force  of  the 
issuing   steam  has  the  effect  of   maintaining  a  rapid  drau^ 
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through  the  furnace,  as  before  explained.  The  orifice  of  the  waste 
steam  pipe,  or  the  blast  pipe,  as  it  is  termed,  is  much  contracted  in 
some  engines  with  the  view  of  producing  a  fiercer  draught,  and  an 
area  of  j^^nd  of  the  area  of  the  c>'!inder  is  a  common  propor- 
tion ;  but  this  is  as  much  contraction  as  should  be  allowed,  and  is 
greater  than  is  advisable. 

Q.  In  engines  moving  at  a  high  rate  of  speed,  you  have  stated 
that  it  is  important  to  give  the  valve  lead,  or,  in  other  words,  to 
allow  the  steam  to  escape  before  the  end  of  the  stroke  ? 

A.  Yes,  this  is  very  important,  else  the  piston  will  have  to  force 
out  the  steam  from  the  cylinder,  and  will  be  much  resisted.  Near 
the  end  of  the  stroke  the  piston  begins  to  travel  slowly,  and  if  the 
steam  be  then  permitted  to  escape,  ver>'  little  of  the  effective  stroke 
is  lost,  and  time  is  afforded  to  the  steam,  before  the  motion  of  the 
piston  is  again  accelerated,  to  make  its  escape  by  the  port.  In 
some  locomotives,  from  inattention  to  this  adjustment  and  from  a 
contraaed  area  of  tube  section,  which  involved  a  strong  blast, 
'^hout  half  the  power  of  the  engine  has  been  lost ;  but  in  more 
^ent  engines,  by  using  enlarged  ports  and  by  giving  sufficient 
^^d,  this  loss  has  been  greatly  diminished. 

(?.  What  do  you  call  sufficient  lead 

A.  In  fast-going  engines  I  would  call  it  sufficient  lead,  when 
the  eduction  port  was  nearly  open  at  the  end  of  the  stroke. 

2-  Can  you  give  any  example  of  the  benefit  of  increasing  the 
lead? 

A.  The  early  locomotives  were  made  with  ver>'  little  lead,  and 
^hc  proportions  were,  in  fact,  very  much  the  same  as  those  previously 
Existing  in  land  engines.  About  1832,  the  benefits  of  lap  upon  the 
^ve,  which  had  been  employed  by  Boulton  and  Watt  more  than 
twenty  years  before,  were  beginning  to  be  pretty  generally  appre- 
hended ;  and,  in  the  following  year,  this  expedient  of  economy 
^as  applied  to  the  steamer  *  Manchester,'  on  the  Clyde,  and  to  some 
^her  vessels,  with  very  marked  success.  Shortly  after  this  time, 
^p  began  to  be  applied  to  the  valves  of  locomotives,  and  it  was 
^ound  that  not  only  was  there  a  benefit  from  the  operation  of  ex- 
pansion, but  that  there  was  a  still  greater  benefit  from  the  superior 
fecility  of  escape  given  to  the  steam,  inasmuch  as  the  application 
^  lap  involved  the  necessity  of  turning  the  eccentric  round  upon 
the  shaft,  which  caused  the  eduction  to  take  place  before  the  end 
of  the  stroke.  In  1840,  one  of  the  engines  of  the  Liverpool  and 
Manchester  Railway  was  altered  so  as  to  have  i  inch  lap  on  the 


Q.  WiD  yon  state  the  proper  dimensions  of  die  sir  pa 
CDodenscr  in  land  and  marine  engines  ? 

A^  Mr.  Watt  made  the  air  pump  of  his  engine  half  the  d 
•f  [be  cylinder  and  hai/  the  stroke,  or  one-eighlh  of  tbc  a 
and  the  condenser  was  usually  made  about  the  same  siae  as  the  air 

Q.  Was  this  proportion  found  suitable  in  all  c 

A.  In  the  case  of  the  engines  of  paddle  steamers  « 

1  was  found  to  be  rather  smalL 

laE  made  it  loo  small  in  the  case  referred  to  i 

!  irregularity  of  motion  caused  by  the  roi^Iiiicss  of  the 

Kjcnnsequence  of  which  the  air  pump  at  times  moved  ml; 

jr,  though  the  iitjeaion  water  was  all  the  while  nituung  m  at 

its  accustomed  speed.     The  water,  therefore,  accumulated  ta  the 

coodenser  and  ran  back  into  the  cylinder,  causing  fracture. 

(J.  Are  air  pumps  now  sometimes  made  double-acting? 

jt.  Some  of  the  direct-acting  marine  engines  for  driving  the 

;rew  are  fitted  with  a  double-acting  air  pump,  and  when  ibe  ail 

pttmp  is  double-acting,  it  need  only  be  about  half  the  site  that  i: 

■ecessary  when  it  is  single-acting.     It  is  single-acting  in  nearly 

(very  case,  unless  the  cjigines  are  horizontal. 

Q.  What  is  the  difference  between  a  single  and  a  double  acting 
ur  pump? 

^.  The  single-acting  air  pump  expels  the  air  and  water  from 
^  condenser  only  in  the  upward  stroke  of  the  pump,  whereas  a 
^DUble-acling  air  pump  expels  the  air  and  water  both  in  the  upward 
iltd  downward  stroke.  It  has,  therefore,  to  be  provided  with  inlei 
ad  outlet  valves  at  both  ends,  whereas  the  single-acting  pump  has 
aly  to  be  provided  with  an  inlet  or  fool  valve,  as  it  is  termed,  ai 
Im  bottom,  and  niih  an  outlet  or  delivery  valve,  as  it  is  termed,  al 
"^he  single-acting  air  pump  requires  to  be  provided  with 


Proper  Quantity  of  Water  for  Condensation.      1S9 

a  valve  or  valves  in  the  piston  or  bucket  of  tlie  pump,  to  enable  ihe 
air  and  water  lying  below  the  bucket,  when  it  begins  to  descend, 
and  which  have  entered  from  the  condenser  during  the  upward 
stroke,  10  pass  through  the  bucket  into  the  space  above  it  during 
the  downward  stroke,  from  whence  they  are  expelled  into  the 
aitnosphcre  on  the  upward  stroke  succeeding.  But  in  the  double- 
acting  air  pump  no  valve  is  required  in  the  piston  or  bucket  of  the 
pump,  and  all  that  is  necessary  is  an  inlet  and  outlet  valve  at  each 

Q.  What  are  the  dimensions  of  the  foot  and  discharge  valves  of 
ihc  air  pump  ? 

A.  The  area  through  the  foot  and  discharge  valves  is  usually 
made  equal  to  one-fourth  of  the  area  of  the  air  pump,  and  the 
diameter  of  the  waste  water  pipe  is  made  one-fourth  of  the  diameter 
of  the  cjlitider,  which  gives  an  area  somewhat  less  than  that  of 
the  foot  and  discharge  valve  passages.  But  this  proportion  only 
applies  in  slow  engines.  In  fast  engines,  with  the  air  pump  bucket 
moving  as  fast  as  the  piston,  the  area  through  the  foot  and  discharge 
i-alves  should  be  equal  to  the  area  of  the  pump  itself,  and  ihe  waste 
water  pipe  should  be  nf  about  the  satne  dimensions. 

Q.  Vou  have  slated  that  double-acting  air  pump.'i  need  only  be 
of  hxtf  the  size  of  single-acting  ones.    Does  that  relation  hold  at  all 

A.  It  holds  at  all  speeds  if  the  velocity  of  the  pump  buckets  are 
in  each  case  the  same  ;  but  it  does  not  hold  if  the  engine  with  the 
single-acting  pump  works  slowly,  and  the  engine  with  the  double- 
acting  pump  moves  rapidly-  All  pumps  moving  at  a  high  rate  of 
speed  lose  part  of  their  efficiency,  and  such  pumps  should  there- 
fort  be  of  extra  site. 

Q.  How  do  you  estimate  the  quantity  of  water  requisite  for 
condensation  ? 

A.  Mr.  Watt  found  that  the  most  beneficial  temperature  of  the 
hot  well  of  his  engines  was  loo  degrees,  if,  therefore,  the  tem- 
peiBIure  of  the  steam  be  212°,  and  the  latent  heat  t,ooo°,  then 
1,212°  may  be  taken  to  represent  the  heal  contained  in  the  steam, 
or  1.111°,  if  we  deduct  the  lempemture  of  the  hot  well.  If  the  tem- 
perature of  the  injection  water  be  50°,  then  50  degrees  of  cold  are 
available  for  the  abstraction  of  heat,  and  as  the  total  quantity  of 
heal  to  be  ;ibstracted  is  that  requisite  to  raise  the  quantity  of  water 
in  the  steam  1,112  degrees,  or  [,i[2  times  that  quantity  one  degree, 
it  wotUd  raise  one-fiftieth  uf  this,  or  i2-z\  times  the  quantity  of 
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water  in  the  sieam  50  degrees.  A  cubic  inch  of  water,  theteforr, 
raised  into  steam,  will  require  23'24  cubic  inches  of  water  at  50 
degrees  for  its  condensation,  and  will  form  therewith  lyn  cubic 
inches  of  hoi  water  at  100  degress,  Mr.  Wall's  practice  was  lo 
allow  about  a  wine  pint  (38*9  cubic  inches)  of  injection  water  fut 


every  cubic  inch  of  w 
53-  Is  not  a  good  v 

A.  His. 

Q.  And  i: 
temperature 

A.   Yes. 

Q.  Then  how  could  Mr.  \Vatt  find 
water  drawn  frcim  the  condenser  to  be 
perature  of  70°  or  80°,  supposing  there 


:vaporaled  from  the  boiler. 
a  engine  c 


1  increased 


good  in  the  proportion  in  which  ihe 
low,  supposing  there  to  be  no  air-leaks  ? 


coldw 


:r? 


.  temperature  of  100°  ii 
iiore  benelicial  than  a 
3  be  an  abundant  supply 


4 


A.  Because  the  superior 
80°  involves  the  admission  of 

denser,  which  has  afterwards  to  be  pumped  out  in  opposition 
the  pressure  of  the  atmosphere,  that  the  gain  in  the  vacuum  does 
not  equal  the  loss  of  power  occasioned  by  the  additional  load  upon 
the  pump,  and  there  is  therefore  a  clear  loss  by  the  reduction  of 
the  temperature  below  too,  if  such  reduction  be  caused  by  the 
admission  of  an  additional  quanlily  of  water.  If  the  reduction  of 
temperature,  however,  be  caused  by  the  use  of  colder  water,  there 
is  a  gain  produced  by  it,  though  the  gain  will  within 
be  greater  if  advantage  be  taken  of  the  lowness  of  the  tcmpei 
to  diminish  the  quantity  of  injection.  On  the  whole,  it  is  better' 
work  engines  hot,  or  with  the  water  in  the  hot  well  simicwbat  al 
100  degrees,  so  as  to  have  hot  water  to  feed  the  boiler. 

Q.   How  do  you  determine  the  proper  area  of  the  injection  oril 
when  injection  is  used  ? 

A.  The  area  of  the  injeaion  orifice  proper  for  any  engine 
easily  be  told  when  the  quantity  of  water  requisite  to  condense 
steam  is  known,  and  the  pressure  is  specified  under  which  the 
enters  the  condenser.     The  vacuum  in  the  condenser  may  be 
at  26  inches  of  mercury,  which  is  equivalent  to  a  column  of 
39'4  feet  high,  and  the  square  root  of  Z9'4  multiplied  by  8021  is 
43'IS,  which  is  the  velocity  in  feet  per  second  that  a  heavy  boJj' 
would  acquire  in  falling  29'4  feet,  or  with  which   the  water  ivould 
enter  the  condenser.     Now,  if  a  cubic  f^ot  of  water  evaporated  per 
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T  be  equivalent  W  an  actual  horse-power,  a^  in  Watt's  engines 
■as  ihe  case,  and  if  289  cubic  inches  of  water  be  requisite  for  the 
condensation  of  a  cubic  inch  of  water  in  the  form  of  steam,  28*g 
cubic  feel  of  condensins  water  per  norse-power  per  hour,  or  ij'QOS 
cubic  inches  pier  second,  will  be  necessary  for  the  engine,  and  the 
site  of  the  injection  orifice  must  be  such  that  [his  quantity  of  water 
flowing  with  the  velocity  of  43'is  feet  per  second,  or  5178  inches 
per  second,  will  gain  admission  to  the  condenser.  Dividinu,  there- 
fore, I3"9o;,  the  number  of  cubic  inches  to  be  injected,  by  517  8,  the 
velocity  of  influx  in  inches  per  second,  we  get  0-03,685  ''"■  'be  area 
of  the  urilice  in  square  inches  ;  but  inasmuch  as  it  has  been  fuimd 
by  experiment  that  the  actual  discharge  of  water  through  a  hole 
in  a  thin  plale  is  only  six-tenlhs  of  the  iheorelical  discharge,  on 
acciiuat  of  the  contracted  vein,  the  area  of  the  orilice  must  be  in- 
creased in  the  proportion  of  such  diminution  of  effect,  or  be  made 
004^7;,  or  jV.nd  of  a  stjuare  inch  per  horse-power.  This,  it  will  be 
remarked,  is  the  theoretical  area  required  per  actual  horse-power  ; 
but  as  the  friction  and  contractions  in  the  pipe  further  reduce  the 
discharge,  the  area  was  made  j';th  of  a  square  inch  per  actual 
horse-power,  or  rather  per  cubic  foot  of  water  evaporated  from  ihe 

i>.  Cannot  the  condensation  of  the  steam  be  accomplished  by 
other  means  than  by  the  admission  of  cold  water  into  the  con- 

A.  It  may  be  accomplished  by  the  method  of  external  cold,  as 
il  is  called,  which  consists  in  the  application  of  a  large  number  of 
thin  metallic  surfaces  to  ihe  condenser,  on  the  one  side  of  which 
the  steam  circulates,  while  on  the  other  side  there  is  a  constant 
current  of  cold  water,  and  the  steam  is  condensed  by  coming  into 
omtacC  with  the  cold  surfaces,  without  mingling  with  the  water 
used  for  the  purpose  of  refrigeration.  The  first  kind  of  condenser 
employed  by  Mr.  Watt  was  constructed  after  this  fashion,  but  he 
found  it  in  pracdcc  to  be  inconvenient  from  its  siie,  and  to  become 
furred  up  or  incrusted  when  the  water  was  bad,  whereby  the  con- 
ducting power  of  ihe  metal  was  impaired.  He  therefore  reverted 
to  the  use  of  the  jel  of  cold  water,  as  being  upon  the  whole  prefer- 
able.  The  jel  entered  the  condenser  instead  of  the  cylinder,  as 
was  the  previous  practice,  and  this  method  is  now  the  one  in  com- 
mon use  for  land  engines.  But  surface  condensers  are  almost 
muvcrsally  employed  in  ihe  case  of  marine  engines.  About  fifty 
,  a  good  number  of  steam  vessels  were  fitted  with  Hall's 
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condensers,  which  operated  on  ihe  principle  of  external  cold,  antt 
which  consisted  of  a  faggot  of  small  copper  tubes  into  which  the 
steam  was  let  surrounded  by  cold  water  ;  but  the  use  of  those 
condensers  was  relinquished,  as  no  practical  benefit  resulted  from 
them.  Latterly,  however,  the  plan  has  been  revived  ;  but  it  should 
only  be  used  as  a  means  of  acquiring  high  pressures. 

Q.  In  what  way  can  the  use  of  such  condensers  conduce  lo  llie 
acquisition  of  high  pressures? 

A.  Because  high  pressures  cannot  be  employed  in  the  case  of 
boilers  fed  with  salt  water,  and  hence,  where  such  pressures  arc 
needed,  fresh  water  must  be  employed  to  feed  the  boiler.  .fVs  a 
supply  of  such  water  cannot  be  carried,  it  must  be  made  by  con- 
densing the  steam  on  the  same  principle  as  that  adopted  in  the 
worm  of  a  still.  The  result  of  such  condensation  is  fresh  or  dis- 
tilled water,  as  the  salt  docs  not  pass  over  by  distillation,  but  only 
the  water. 

Q.  But  may  not  the  boiler  be  kept  within  permissible  limits  of 
saltness,  or  two  salt  waters,  as  it  is  called,  by  frequent  blowing  oif  ? 

A.  No,  not  if  a  high  pressure  of  steam  be  employed.  For  at  a 
temperature  exceeding  that  due  to  a  pressure  of  40  lbs.,  the  sulphate 
of  lime,  which  is  the  most  mischievous  ingredient  in  sea  water,  is 
deposited  by  the  heat  alone  without  concentration,  as  in  a  salt  piaiu 
and  large  blowing  off  would  increase  the  evil  by  rendering  it 
necessary  to  introduce  large  additional  supplies  of  water  from  the 
sea,  the  sulphate  of  lime  in  which  would  be  at  once  deposited,  and 
so  the  amount  of  such  deposit  would  be  increased  ratber  t 
diminished  by  large  blowing  o^. 

Q.   Is  there  no  way  of  obviating  this  result  ? 

A.  It  might  probably  be  obviated  by  heating  the  feed  waterll 

a  separate  \'essel  to  the  temperature  of   the  steam  before  intro- 
ducing it   into   the   boiler,   and  interposing  a   filler  between  this 
vessel  and  the  boiler,  so  as  to  separate  the  precipitated  particles. 
But  this  plan  has  not  yet  been  tried,  and  tlic  remedy  universal— 
adopted  is  the  use  of  surface  condensers, 

Q.  What  amount  of  cooling  surface  is  required  in  those  c 
densers  ? 

A.  Two-lliirds  of  the  healing  surface  in  the  boiler. 

Q.  You  stated  that  ihe  capacitj-  of  the  feed  pump  was  jj— th  of 
the  capacity  of  the  cylinder  in  the  case  of  condensing  engines— ibc 
engine  being  double-ading  and  the  pump  single-acting— and  ih.il 
in  high-pressure  engines  the  capacity  of  ihe  ]>ump  should  be  greaif  r 
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Proper  Si=e  of  the  Feed  Pump. 

I  proportion  to  the  pressure  of  the  steam.  Can  you  \^ve  any 
rale  that  will  express  the  proper  capacity  for  the  feed  pump  at  all 
presiures  ? 

A.  That  will  not  be  difficult.  In  Watt's  engines  the  pressure 
in  the  boiler  may  be  taken  at  5  lbs.  above  the  atmospheric  pres- 
sure, or  10  lbs.  altogether  ;  and  as  high-pressure  steam  is  merely 
low- pressure  steam  compressed  into  a  smaller  compass,  the  siie 
of  the  feed  pump  in  relation  to  the  size  of  the  cj-linder  must 
obviously  vary  in  the  direct  proportion  of  the  pressure  ;  and  if  it 
be  rl„ih  of  the  capacity  of  the  cylinder  when  the  total  pressure 
of  tbe  sleajn  is  20  lbs.,  it  must  be  j'^th  of  the  capacity  of  the 
cylinder  when  the  pressure  is  40  lbs.  per  square  inch,  or  25  lbs. 
per  square  inch  above  the  atmospheric  pressure.  This  law  of 
vorialion  is  expressed  by  the  following  rule  t — Multiply  the  capacity 
of  the  cylinder  in  cubic  inches  by  the  total  pressure  of  the  steam 
in  ibs.  per  square  inch,  or  the  pressure  per  square  inch  on  the 
sj^et)-  val\'e  plus  15,  and  divide  the  product  by  4,Soo;  the  quotient 
Is  the  capacity  of  the  feed  pump  in  cubic  inches,  when  Ihc  feed 
pump  is  single-acting  and  the  engine  double-acting.  If  the  feed 
pump  be  double-acting,  or  the  engine  single-acting,  the  capacit)- 
of  the  pump  must  be  just  one-half  of  what  is  given  by  this  rule 

Q.  Hut  should  not  some  addition  be  made  to  the  site  of  pump 
thus  obtained  if  the  pump  works  at  a  high  rale  of  speed  ? 

A.  No :  this  rule  makes  allowance  for  defective  action,     .Ail 
pumps  lift  much  less  water  than  is  due  to  the  size  of  tlicir  barrels 
and  ihc  number  of  their  strokes.     Moderately  good  pumps  lose 
50  per  cent,  of  their  theoretical  effect,  and  bad  pumps  80  per  cent. 
Q.  To  what  is  this  loss  of  effect  to  be  chiefly  ascribed  1 
A.  Mainly  to  the  inertia  of  the  water,  which,  if  the  pump-piston 
be  drawn  up  very  rapidly,  cannot  follow  it  with  sufficient  rapidity, 
so  that  there  may  be  a  vacant  space  between  the  piston  and  the 
nater  ;  and  at  the  return  stroke  the  moinenlum  of  the  water  in  the 
pipe  expends  itself  in  giving  a  reverse  motion  to  the  column  of 
KMcr  approaching  the  pump.     Messrs.  Kirchweger  and  Prusman, 
fif  Hanover,  have  investigated  this  subject,  by  applying  a  revolving 
'-»'it  at  the  end  of  a  pipe  leading  from  an  elevated  cistern  contain- 
ing water,  and  the  water  escaped  at  every  revolution  of  the  cock, 
m  the  same  manner  as  if  a  pump  were  drawing  it.     With  a  column 
of  water  of  17  feet,  they  found  that,  at  80  revolutions  of  the  cock 
\      wr  minute,  the  water  delivered  per  minute  by  the  cock  was  9'45 
'   IS ;   but   with    140  revolutions  of  the  cock  per  minute,   the 
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water  delivered  per  minute  by  the  cock  was  only  5*43  gallons. 
They  subsequently  applied  an  air  vessel  to  the  pipe  beside  the 
cock,  when  the  discharge  rose  to  ii-g  [;a]lons  per  minute  with  Bo 
revolutions,  and  i8'38  gallons  with  140  revolutions.  Air  vessels 
should  therefore  be  applied  to  the  suction  side  of  fast-moving 
pumps,  and  the  suction  pipe  should  be  made  as  short  as  possible. 

Q.  What  are  the  usual  dimensions  of  the  cold  water  pump  of 
land  engines .' 

A.  If  to  condense  a  cubic  inch  of  water  raised  into  steam  189 
cubic  inches  of  condensing  water  are  required,  then  the  cold  water 
pump  ouglit  to  be  sS'g  times  larger  than  the  feed  pump,  supposing 
that  its  losses  were  equally  great.  The  feed  pump,  however,  is 
made  sufficiently  large  to  compensate  for  teaks  in  the  boiler  aod 
loss  of  steam  through  the  safety  valve,  so  that  it  will  be  sufficient 
if  the  cold  water  pump  be  34  limes  larger  than  the  feed  pump. 
This  ratio  is  preserved  by  the  following  rule  :^MuIiiply  the  capacity 
of  the  cylinder  in  cubic  inches  by  the  total  pressure  of  the  steam 
per  square  inch,  or  the  pressure  on  the  safety  valve  plus  i;,  and 
divide  the  product  by  200,  The  quotient  is  the  proper  capacity  of 
the  cold  water  pump  in  cubic  inches,  when  the  engine  is  double' 
acting  and  the  pump  single' a  cling. 

STRENGTHS  OF  LAND  ENGINES. 

Q.  Can  you  give  a  rule  for  telling  the  proper  thickness  of  the 
cylinders  of  sieam  engines  ? 

A.  In  low-pressure  engines  the  thickness  of  metal  of  the  cylin- 
der, in  engines  of  a  medium  siie,  should  be  about  j'^ih  nf  the  dia- 
meter of  the  cylinder,  which,  with  a  pressure  of  steam  of  30  lb«. 
above  the  atmosphere,  will  occasion  a  strain  of  only  400  lbs.  per 
stjuare  inch  of  section  of  the  metal ;  the  thickness  of  the  meul  of 
the  trunnion  bearings  of  oscillating  engines  should  be  ^'^nd  of  the 
diameter  of  the  cylinder,  and  the  breadth  of  the  bearing  should  be 
about  half  its  diameter.  In  high-pressure  engines  the  thickness  of 
the  cylinder  should  be  about  ,-'jth  its  diameter,  which,  with  a  p^e^ 
sure  of  steam  of  So  lbs.  upon  the  square  inch,  will  occasion  a  strais 
of  640  lbs.  upon  the  square  inch  of  section  of  the  metal ;  and  tbe 
thickness  of  the  metal  of  the  trunnion  bearings  of  high-pressure 
oscillating  engines  should  be  j'-.th  of  the  diameter  of  the  cylinder. 
The  strength,  ho«ever,  is  not  the  sole  consideration  in  proportipn- 
ing  cylinders,  for  they  must  be  made  of  a  certain  thickness,  hni>- 
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9Mt  small  the  pressure  is  tvitliin  ihcm,  [hat  they  may  not  be  too 
fragile  and  will  stand  boring.  While,  also,  an  engine  of  40  inches 
diameter  would  be  about  one  inch  thick,  the  thickness  would  not 
be  quite  two  inches  in  an  80-inch  cyhnder.  In  fact,  there  will  be  a 
small  constant  added  10  the  thickness  for  all  diameters,  which  will 
be  relatively  lar;;er  the  smaller  the  cylinders  become.  In  the 
engines  oT  Pcnn's  i2  horse-power  engines,  the  diameter  of  cylinder 
being  ii\  inches,  the  thickness  of  the  metal  is  j^ths  ;  in  Penn's 
40-inch  c}'linders,  the  thickness  is  1  inch  ;  and  in  the  engines  of  the 
'  Ripon,'  '  Pol  linger,'  and  'Indus,'  by  Messrs.  Miller,  Ravenhill, 
and  Co.,  with  cylinders  76  inches  diameter,  the  thickness  of  the 
jDCtal  was  l{^.     These  were  all  oscillating  engines. 

Q.  What  is  the  proportion  of  the  piston  rod  in  land  engines  ? 

A.  The  diameter  of  the  piston  rod  is  usually  made  -,'„th  of  the 
leter  of  the  cylinder,  or  the  sectional  area  of  the  piston  rod  is 
[Jjjh  of  the  area  of  the  cylinder.  This  proportion,  however,  is  not 
applicable  to  locomotives,  or  even  fast-moving  marine  engines.  In 
locomotive  engines  the  piston  rod  is  made  |th  of  the  diameter  of 
the  cylinder,  and  it  is  obvious  that  where  the  pressure  on  the  piston 
is  great,  the  piston  rod  must  be  larger  than  when  the  pressure  on 
the  piston  is  small. 


llJ 


e  the  proper  di 


of  the  IT 


nlin> 


I  of  a  land 


iiin  links  in  land  beam  engines 
the  cylinder,  and  the  length  of 


a  land 


Q,  What  a 
beam  engine  ? 

A.  The  seaional  area  of  the  n 
is  usually  made  ;  [jth  of  the  area  o 
the  main  links  is  usually  half  the  length  of  tlie  stroke. 

Q,  What  are  the  dimensions  of  the  connecling  rod  a 
beam  engine  ? 

A.  In  land  engines  the  connecling  rod  is  often  made  of  cast 
irtm  with  a  cruciform  section ;  the  breadth  across  the  arms  of  the 
cross  is  about  „'„th  of  the  length  of  the  rod  ;  the  sectional  area  at 
the  centre  ,',lh  of  the  area  of  the  cylinder,  and  at  the  ends  /jth  of 
the  area  of  the  cylinder  ;  the  length  of  the  rod  is  usually  3\  limes 
the  length  of  the  stroke.  It  is  preferable,  however,  to  make  the 
connecling  rod  of  malleable  iron,  and  then  the  dimensions  will  be 
those  proper  for  marine  engines. 

Q.  wiiat  was  Mr.  Watt's  rule  for  the  connecting  rod  ? 

A.  Some  of  his  connecling  rods  were  of  iron  and  some  of  wood. 

To  determine  the  thickness  when  of  wood,  multiply  the  square  of 

the  di.imeter  of  the  cylinder  in  inches  by  the  length  of  the  stroke 

I  is  feet,  and  divide  the  product  by  2.].     Extract  the  fourth  root  of 
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!96 


Strength  of  Beam  and  Beam  Gudgeons. 


I 


quotient,  which  is  the  thickness  in  inches.     For  iron  the  rule  wi 
the  satne,  only  the  divisor  was  57-6  instead  of  24. 

<2-  What  arc  the  dimensions  of  the  end  studs  of  a  land  e 

A.  In  low-pressure  engines  the  diameter  of  the  end  studs  of 
the  engine  beam  is  usually  made  Jth  of  the  diameter  of  the  cylin- 
der when  of  cast  iron,  and  J;ih  when  of  wrought  iron,  which  givci 
a  load  with  low  steam  of  about  500  lbs.  per  circular  inch  of  trans- 
verse section  ;  but  a  larger  size  is  preferable,  as  with  large  beariags 
the  brasses  do  not  wear  so  rapidly,  and  the  straps  are  not  so  likely 
to  be  burst  by  the  bearings  becoming  oval.  These  si»es,  as  ilso 
those  which  immediately  follow,  suppose  the  pressure  on  the  piston 
to  be  18  ibs.  per  circular  inch. 

Q.  How  is  the  strength  of  a  cast  iron  gudgeon  computed .' 
A.  To  find  the  proper  size  of  a  cast  iron  gudgeon  adapted  to 
sustain  any  given  weight :  Multiply  the  weight  in  Ibs.  by  the  in- 
tended length  of  bearing  expressed  in  terms  of  the  diameter; 
divide  the  product  by  soo,  and  extract  the  square  root  of  the  quo- 
tient, which  is  the  diameter  in  inches. 

Q.  What  was  Mr.  Watt's  rule  for  the  strength  of  gudgeons  -' 

A.  Supposing  the  gudgeon  to  be  square,  then,  to  ascertain  the 

thickness,  multiply  the  weight  resting  on   the  gudgeon  by  the 

distance   between  the  trunnions,  and  divide  the  product  by  333. 

Kxtract  the  cube  root  of  the  quotient,  which  is  the  thickness  in 

Q.  HoM"  do  you  find  the  proper  strength  for  the  cast  iron  beam 
of  a  land  engine? 

//.  If  the  force  acting  at  the  end  of  an  engine  beam  be  taken  at 
18  lbs.  per  circular  inch  of  the  piston,  then  the  force  acting  at  ilie 
middle  will  be  36  Ibs.  per  circular  inch  of  the  piston,  and  the  proper 
strength  of  the  beam  al  the  centre  will  be  found  by  the  followiog 
rule : — Divide  the  weight  in  lbs.  acting  al  the  centre  by  250,  ind 
multiply  the  quotient  by  the  distance  between  the  extreme  centies- 
To  find  the  depth,  the  breadth  being  given  :  Divide  this  product 
by  ihe  breadth  in  inches,  and  extract  the  square  root  of  the  quoiieW, 
which  is  the  depth-  The  depth  of  a  land  engine  beam  at  the  endsi' 
usually  made  one-third  of  the  depth  at  the  centre  (the  depth  at  the 
centre  beingequal  to  the  diameter  of  the  cylinder  in  the  case  of  io*" 
presstire  engines),  while  Ihe  length  is  made  equal  to  three  times  tlie 
length  of  the  stroke,  and  the  mean  thickness  Jj  of  the  lenglh— tbe 
width  of  the  edge  bead  being  about  three  times  the  thicknew* 
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the  web.     In  many  modem  engines  the  force  acting  at  the  end  of 

the  beam  is  more  than  18  lbs.  per  circular  inch  of  the  piston,  and 

it  is  now  kno^Ti  moreover  that  the  strength  of  a  beam  depends 

mainly  on  the  strength  of  the  flanges.    It  is  in  the  flanges  therefore 

that  the  strength  should  be  chiefly  collected,  and  they  should  be 

made  much  broader  than  the  proportion  usually  obser\'ed  in  old 

engines. 

Q.    WTiat   was   Mr.  Watt's  rule   for   the   main   beams  of  his 
engines  ? 

A,  Some  of  those  beams  were  of  wood  and  some  of  cast  iron. 
The  wood  beams  were  so  proportioned  that  the  thickness  was  j^^^th 
^  the  circumference,  and  the  depth  .,.!..  The  side  of  the  beam, 
supposing  it  square,  was  found  by  multiplying  the  diameter  of  the 
cylinder  by  the  length  of  the  stroke,  and  extracting  the  cube  root 
^  the  quotient,  which  will  be  the  depth  or  thickness  of  the  beam. 
This  rule  allows  a  beam  16  feet  long  to  bend  Jth  of  an  inch,  and  a 
^*am  32  feet  long  to  bend  \  of  an  inch.  For  cast  iron  beams  the 
square  of  the  diameter  of  the  cylinder,  multiplied  by  half  the  length 
Ween  the  centres,  is  equal  to  the  square  of  the  depth,  multiplied 
^  the  thickness. 

Q,.  Are  beam  engines  still  largely  employed  for  driving  factories 
^  mills  ? 

A.  They  have  very  much  gone  out.  In  small  powers,  high- 
Ptessure  horizontal  engines  are  mostly  used,  and  for  large  powers 
^^pound  engines  of  the  marine  type. 

Q.  What  law  does  the  strength  of  beams  and  shafts  follow  ? 
A,  In  the  case  of  beams  subjected  to  a  breaking  force,  the 
*^gth  with  any  given  cohesion  of  the  material  will  be  propor- 
*nal  to  the  breadth,  multiplied  by  the  square  of  the  depth  ;  and 
^  the  case  of  revolving  shafts  exposed  to  a  twisting  strain,  the 
^gth  with  any  given  cohesive  power  of  the  material  will  be  as 
«  cube  of  the  diameter. 
2.  Why  as  the  cube,  seeing  that  the  area  of  the  metal  to  be 
^Itcn  varies  as  the  square  of  the  diameter? 
A,  Because  each  addition  to  the  diameter  is  made  at  an  in- 
wcd  distance  from  the  centre  of  motion,  and  therefore,  on  the 
ciple  of  virtual  velocities,  the  strain  upon  it  will  be  less.     For 
reason  the  strength  of  a  hollow  shaft  relatively  with  its  weight 
>e  greater  than  that  of  a  solid  one. 
How  is  the  strength  of  a  cast  iron  shaft  to  resist  torsion 
nined? 
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A,  Experiments  upon  the  force  requbite  10  twist  off  cast  iron 
necks  show  that  if  the  cube  of  the  diameter  of  neck  in  inches  be 
multiplied  by  880,  the  product  will  be  the  force  of  torsion  whid 
\*-ill  twist  them  off  when  acting  at  6  inches  radius.  On  this  fact  the 
following  rule  is  founded  : — To  find  the  diameter  of  a  cast  iron  fly 
wheel  shaft  :  Multiply  the  square  of  the  diameter  of  the  c>'linder 
in  inches  by  the  length  of  the  crank  in  inches,  and  extract  the 
cube  root  of  the  product,  which  multiply  by  0-3,025,  and  the  result 
will  be  the  proper  diameter  of  the  shaft  in  inches  at  the  smallest 
part,  when  of  cast  iron. 

(J.  What  was  Mr.  Watt's  rule  for  the  necks  of  his  crank  shafts? 

A.  Taking  the  pressure  on  the  piston  at  12  lbs.  pressure  on  the 
square  inch,  and  supposing  this  force  to  be  applied  at  one  foot 
radius,  divide  the  total  pressure  of  the  piston  reduced  to  i  foot  of 
radius  by  31*4,  and  extract  the  cube  root  of  the  quotient,  which  b 
the  diameter  of  the  shaft :  or  extract  the  cube  root  of  137  times 
the  number  of  cubic  feet  of  steam  required  to  make  one  revolution, 
which  is  also  the  diameter  of  the  shaft. 

MILL  GEARING. 

O.  With  whom  did  the  existing  system  of  toothed  mill  gearing 
originate  .'* 

A.  Toothed  wheels  are  a  very  old  invention,  and  in  a  rude  form 
have  been  in  use  in  the  East  from  time  immemorial.  Spiral  gearing 
and  the  plan  of  arranging  ordinar)*  gearing  in  spiral  steps  originated 
with  Robert  Hooke,  two  centuries  ago.  But  the  existing  system  of 
gearing  for  mills  was  first  matured  and  methodised  by  Boulton  and 
Watt  in  connection  with  their  improved  steam  engine. 

Q.  On  what  principle  did  they  proceed  in  fixing  the  pronortions 
proper  for  the  strength  of  toothed  wheels  of  cast  iron  ? 

A.  They  found  that  a  bar  of  cast  iron  i  inch  square  and  i: 
inches  long  bore  600  lbs.  before  breaking.  On  the  principle  of 
virtual  velocities,  it  would  bear  1,200  lbs.  if  6  inches  long  and 
7,200  lbs.  if  I  inch  long.  Taking  the  safe  load  at  j^^th  of  the  break- 
ing weight,  the  proper  load  for  each  tooth  i  inch  long  will  be  j^th 
of  7,200,  or  480  lbs.  for  each  square  inch  of  sectional  area  of  iron, 
and  this  Houlton  and  Watt  took  as  the  basis  of  their  system.  To 
find  the  number  of  actual  horses  power  a  wheel  of  any  given  pro- 
portions will  transmit  :  Multiply  the  square  of  the  pitch  of  the  teeth 
in  inches  by  the  breadth  of  ihe  wheel  in  inches  by  its  diameter  in 
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feet,  and  by  the  number  of  revolutions  it  makes  per  minute,  and 
divide  the  product  by  the  constant  number  306.     The  quotient  is 
the  number  of  actual  horses  power  that  the  wheel  will  saifely  trans- 
mit, according  to  Boulton  and  Watt's  practice. 
Q.  What  do  you  mean  by  the  pitch  of  the  teeth  ? 
A.  The  distance  between  the  centre  of  any  one  tooth  and  the 
centre  of  the  next  tooth  to  it,  measured  on  a  circle  running  round 
the  edge  of  the  wheel  midway  between  the  top  and  bottom  of  the 
teeth.    This  circle  is  called  the  pitch  circle. 

(i  Can  you  give  any  practical  rule  for  determining  the  strength 
of  the  teeth? 

A.  To  find  the  proper  dimensions  for  the  teeth  of  a  cast  iron 
*hecl :  Multiply  the  diameter  of  the  pitch  circle  in  feet  by  the 
number  of  revolutions  to  be  made  per  minute,  and  reserve  the  pro- 
duct for  a  divisor  ;  multiply  the  number  of  actual  horses  power  to 
^  transmitted  by  240,  and  divide  the  product  by  the  above  divisor, 
*'hich  will  give  the  strength.  If  the  pitch  be  given,  to  find  the 
^feadtb,  divide  the  above  strength  by  the  square  of  the  pitch  in 
'nches ;  or  if  the  breadth  be  given,  then  to  find  the  pitch  divide 
^e  strength  by  the  breadth  in  inches,  and  extract  the  square  root 
of  the  quotient,  which  is  the  proper  pitch  in  inches.  The  breadth 
of  the  teeth  measured  parallel  to  the  axis  should  at  ordinary  veloci- 
"cs  be  four  times  the  thickness,  both  wheels  bcin^'  well  greased. 
But  for  high  velocities  the  breadth  of  the  teeth  should  be  five  times 
^thickness,  and  six  times  if  the  teeth  arc  constantly  wet.  But  this 
'^  breadth  does  not  add  to  the  strength,  but  only  to  the  dura- 
o^Ktyof  the  wearing  surfaces.  The  length  of  the  teeth  is  usually 
*^t  Jths  of  the  pitch.  Pinions  to  work  satisfactorily  should  not 
^t  less  than  30  or  40  teeth,  and  where  the  speed  exceeds  220  feet 
^  the  minute,  the  teeth  of  the  larger  wheel  should  be  of  wood,  made 
^IHtle  thicker  to  keep  the  strength  unimpaired. 

ROPE  AND   BELT  GKARING. 

2.  Are  not  rop)es  and  belts  now  much  used  instead  of  toothe 
*hccls  for  the  transmission  of  power  t 

A,  They  are  much  used,  and  have  many  advantages,  among 
*hich  is  the  smoothness  and  noiselessness  of  their  motion. 

2-  What  ki  nd  of  ropes  are  used  for  this  purpose  ? 

•^-  Hempen  ropes,  var>'ing  from  4 J  inches  circumference  in  the 
*^^^  of  small  powers  to  6J  inches  circumference  m  the  case  of 
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large  powers.  The  ropes  run  in  V  grooves,  and  the  engine  drives 
a  number  of  such  ropes,  each  transmitting  its  power  to  the  ap- 
pointed place. 

Q,  What  are  the  sizes  of  the  pulleys  used  for  this  purpose? 

A,  The  circumference  of  a  pulley  should  not  be  less  than  30 
times  that  of  the  rope  that  drives  it.  The  distance  between  the 
driving  and  driven  pulley  may  be  from  20  to  60  feet  The  ropes 
should  not  bottom  in  the  V  grooves.  The  sides  of  the  groove 
should  stand  at  an  angle  of  43^^  with  one  another.  It  is  advisable 
to  have  the  driving  side  of  each  rope  at  the  bottom,  so  that  the 
returning  side  may  lap  more  round  its  pulleys. 

Q.  Can  you  cite  any  example  of  a  factory  fitted  with  such  ropes 
for  transmitting  the  power  to  the  different  parts  ?  • 

A.  \xi2i  factory  fitted  by  Messrs.  Pearce,  of  Dundee,  the  engine 
makes  43  revolutions  per  minute,  and  generates  400  to  425  horses 
power.  The  fly-wheel  is  22  feet  in  diameter,  and  4  feet  10  inches 
wide,  with  18  grooves  in  it  for  the  reception  of  ropes.  The  power 
transmitted  by  each  rope  of  6J  inches  circumference  is  23  actual 
horses  power.  5  ropes  are  led  to  the  ground  floor,  where  they 
give  motion  to  a  pulley  7  feet  6  inches  diameter  ;  4  ropes  are  led 
to  the  first  floor,  where  they  drive  a  pulley  5  feet  6  inches  dia- 
meter ;  and  6  ropes  are  led  to  the  attic,  where  they  drive  a  pulley 
5  feet  6  inches  diameter.  On  the  other  side  of  the  engine  shaft  3 
ropes  transmit  69  horses  power  to  a  pulley  7  feet  6  inches  diameter 
in  the  weavmg  shed.  The  tension  on  each  rope  is  256  lbs.  The 
breaking  weight  of  untarred  rope  varies  from  7,000  to  12,000  lbs. 
per  square  inch  of  section.  In  another  factory  the  engines  exert 
1,000  horses  power,  and  make  43  revolutions  per  minute.  The 
fly  wheel  is  28  feet  diameter,  and  6  feet  7  inches  wide  on  the 
face,  with  grooves  for  the  reception  of  25  ropes  6 J  inches  cir- 
cumference. The  speed  of  the  periphery  of  the  fly  wheel  is  3,764 
feet  per  minute.  18  ropes  transmit  power  to  the  right-hand,  or  spin- 
ning side,  of  the  mill,  and  7  to  the  left-hand,  or  weaving  side.  Each 
rope  transmits  40  horses  power,  and  the  tension  on  each  is  349  llw. 

Q.  \xi  the  cases  you  have  cited  the  mills  are  driven  by  an 
engine  without  the  inter\'ention  of  geared  wheels  at  all,  the  motion 
being  wholly  communicated  by  ropes.  Are  belts  also  sometimes 
used  to  transmit  motion  in  mills  without  the  intervention  of  toothed 
wheels  1 

A,  This  is  largely  done,  especially  in  America,  where  the  use 
oi  belting  for  driving  all  the  shafts  of  a  mill  is  largely  adopted. 
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The  shafiing  iiself  is  carefully  made,  and  one  form  of  coupling 
widely  employed  is  represented  in  tigs.  8i  and  S2,  In  fig.  81  we 
have  a  side  view,  and  in  lig.  83  a  cross  section  of  this  coupling. 
There  is  a  short  piece  of  thick  cast  iron  pipe  D,  which  is  slit  on  the 
one  side  from  end  to  end  to  enable  it  to  be  tightened  up,  and  oppo- 
iait  to  this  slit  there  is  a  keyway  recessed  partly  into  the  shaft  li, 

wd  partly  into  the  cast  iron  thimble  D.  in  m  are  two  hoops,  which 
are  driven  on  the  ihimble  D  like  the  hoops  of  a  cask,  and  which 
fftctually  tighten  the  thimble  upon  the  shaft.  But  the  whole  of 
'^  parts  are  easily  taken  asunder,  should  there  be  any  occa^inn  to 
■ioM.  The  diameter  of  the  coupling  D  is  about  twice  th[it  of  the 
^A  d,  and  its  length  about  four  times  the  diameter  of  it.  The 
Inadth  of  each  hoop  m  m  is  half  the  diameter  of  the  shaft,  and  its 
t^idoiess  one-fourth  of  that  diameter. 

Q.  In  what  way  are  the  belts  led  from  the  prime  mover  in  the 
*«  arranged  mills  ? 

A.  A  large  pulley  or  drum  moved  by  the  engine  or  other  prime 
"oter  is  placed  in  the  basement,  and  luo  bells  procecdin;:  verti- 
llly  upwards  from  it  give  motion  to  another  greal  drum  situated 
itimediaiely  above.  This  drum  is  fixed  upon  a  shaft  whii  h  nms 
^E  the  centre  of  the  overhead  flat,  and  this  shaft  give-  nvnion 
'"pulleys  right  and  left.  The  pull  of  the  belts  on  one  side  of  this 
'*ilre  shaft  balances  the  pull  on  the  other  side,  so  that  the  shaft 
^Milesin  its  bearings  with  very  little  friction.  From  the  middle 
^e  between  the  two  belts  of  this  central  drum  a  he.-ny  bell  is 
'^ed  upwards  to  another  drum  fixed  on  a  central  shaft  in  the 
^'Mey  above,  and  from  this  central  shaft  belts  are  taken  ri.:;ht  and 
™to  side  pulleys  as  before,  and  so  on  until  the  remotest  jinrls  of 
"«  mill  are  reached. 
2-  What  should  be  the  dimensiuns  of  such  belts  ? 
A.  The  two  main  belts  proceeding  from  the  lowest  cciiiral 
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pulley  may  be  from  ii  to  15  inches  broad.  These  are  capaUe  d 
working  4,000  throstles  for  spinning  coarse  cotton  yam  with  pe- 
paration.  The  single  belt  proceeding  from  the  second  pulley  may 
be  12  inches  broad  and  somewhat  thinner  than  the  other  twa  h 
is  slated  that  such  belts  are  much  improved  by  being  boiled  in  1 
mixture  of  3  lbs.  of  ordinary  tallow,  i  lb.  of  bayberry  tallow,  ud 
I  lb.  of  bees  ivax.  But  the  belting  must  be  quite  dr>'  when  this  m 
done,  else  it  will  be  spoiled. 

Q.  What  are  the  proportions  generally  used  in  belts  such  ai 
those  employed  for  driving  fans  and  for  other  similar  purposes  ? 

A.  Double  belts  are  usually  made  one  third  of  an  inch  thick. 
and  single  belts  one  fifth  of  an  inch  thick.  The  driving  powered 
the  belt  is  governed  by  its  tension  or  tightness,  and  by  the  coniJi- 
lion  of  its  surface,  the  diameter  of  the  pulleys  having  nothing  10 
do  with  the  matter.  This  tension  may  be  increased  by  ligbtenii^ 
to  3;o  lbs.  per  square  inch  of  cross  section  of  the  belt.  As  a 
general  rule,  belts  running  from  a  large  to  a  small  pulley  slip  on 
the  large  and  not  on  the  small  pulley.  This  is  explained  by  the 
pressure  per  square  inch  on  the  small  pulley  being  in  the  propot' 
tion  in  which  the  small  pulley  is  less  in  diameter  than  the  (arge 
one.  If  we  cover  the  small  pullcj'  on  the  counter  shafl  with 
leather,  to  prevent  slipping,  we  must  also  cover  the  driving  pulley 
on  the  main  shaft.     These  remarks  apply  to  horizontal  belts. 

Q.  Will  you  give  the  dimensions  of  bells  proper  for  driviiiL; 
fans  or  other  high-speed  machines  ? 

A.  The  following  table  is  based  on  the  law  that  a  belt  one  inch 
wide,  having;  a  velocity  of  I.ooo  feet  per  minute,  wil 
horse -power. 

I'reperliens  of  Bills  fitrdrivuig  Fani. 
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A  common  rule  for  determining  the  width  of  a  single  belt  yo^^^s  in. 
thick  to  transmit  any  number  of  horses  power  is  to  multiply  the 
actual  horse-power  by  1,100  and  divide  by  the  velocity  of  belt  in 
feet  per  minute,  which  gives  the  width  in  inches. 

In  the  preceding  table  all  the  dimensions  are  in  inches.  To 
give  some  idea  of  the  prcp)cr  length  of  belt  it  may  be  stated  that  the 
centre  of  the  driving  pulley  is  placed  3J  times  its  diameter  from 
the  centre  of  the  fan,  and  2J  times  above  it.  The  driven  pulley 
on  the  driving  pulley  shaft  is  18  inches  diameter,  and  that  in  turn 
is  driven  by  a  54-inch  pulley,  and  belt  of  double  thickness.  The 
centres  of  the  54-inch  and  18-inch  pulleys  are  placed  about  three 
^n^esthe  diameter  of  the  larger  pulley  apart,  and  nearly  at  the  same 
height  from  the  floor. 

Q,  Have  new  belts  as  much  adhesion  as  old } 
A,  New  belting  will  only  transmit  from  one-third  to  one-fifth  of 
"*e  power  without  slipping  that  the  same  belts  will  transmit  after 
*ney  have  been  in  use  from  one  to  two  months.  All  unnecessary- 
height  of  leather  in  a  belt  is  objectionable,  as  it  tends  to  lift  the 
'^It  off  the  pulley  by  centrifugal  force  when  going  at  a  great  velo- 
^,  and  some  belts  travel  at  a  velocity  of  5,000  feet  per  minute. 

STRENGTH  OF  MARINE  AND   LOCOMOTIVE   ENGINES. 

Q-  Cannot  you  give  some  rules  for  the  strength  of  engines 
^hich  will  be  applicable  whatever  pressure  may  be  employed  ? 

A.  In  the  rules  already  given,  the  effective  pressure  may  be 
^koned  at  from  12  to  23  lbs.  upon  every  square  inch  of  the  pis- 
ton, as  was  long  usual  in  land  engines  ;  and  if  the  pressure  upon 
ever)'  square  inch  of  the  piston  be  made  twice  greater,  the  dimen- 
sions taken  should  be  those  proper  for  an  engine  of  twice  the  area 
^  piston.  It  will  not  be  difficult,  however,  to  introduce  the  pres- 
^^c  into  the  rules  as  an  element  of  the  computation,  whereby  the 
'^ult  will  be  applicable  both  to  high  and  low  pressure  engines. 

2-  Will  you  apply  this  mode  of  computation  to  a  side-lever 
'^ne  engine,  all  the  working  parts  of  which  are  supposed  to  be 
of  wrought  iron,  and  first  find  the  diameter  of  the  piston  rod  } 

A.  The  diameter  of  the  piston  rod  may  be  found  by  multiply- 
'''gthe  diameter  of  the  cylinder  in  inches  by  the  square  root  of  the 
pressure  on  the  piston  in  lbs.  per  square  inch,  and  dividing  by  50, 
which  makes  the  strain  one  seventh  of  the  elastic  force,  or  one 
seventh  of  tJie  force  wrought  iron  is  capable  of  withstanding  without 
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permanent  deratigemenl  of  sirticture,  which  in  tensile  s 
taken  at  17,800  lbs.  per  square  inch  of  section, 

Q.  What  will  be  the  rule  for  the  connecting  rod  ? 

A.  The  diameter  of  the  connecting  rod  at  the  ends  may  be  | 
found  by  multiplymg  o-oig  times  the  square  root  of  the  pressure  | 
on  the  pision  in  lbs.  per  square  inch  by  the  diameter  of  the  cylinder 
in  inches  ;  and  the  diameter  of  the  connecting  rod  in  the  middle 
may  be  found  by  the  following  rule  : — T000035  times  the  length  of 
the  connecting  rod  in  inches  add  1,  and  multiply  the  sum  by  oaig 
times  the  square  root  of  the  pressure  on  tjie  pision  in  lbs.  per  square 
inch,  multiplied  by  the  diameter  of  the  cylinder  in  inches.  The 
strain  is  equal  to  one-sixth  of  the  elastic  force.  The  bottom  of  the 
connecting  rod  fits  Into  a  hole  in  the  cross-lai!. 

Q.   How  do  you  find  the  diameter  of  the  cylinder  side  rods  of  a 
marine  engine  ? 

A.  The  diameter  of  the  cylinder  side  rods  at  the  ends  may  b^ 
found  by  multiplying  o-oisg  times  the  square  root  of  the  pressur^^ 
on  the  piston  in  pounds  per  square  inch  by  the  diameter  of  'h^ 
cylinder  1  and  the  diameter  of  the  cylinder  side  rods  at  the  middla^nc 
is  found  by  the  following  rule  : — To  0-0035  times  the  length  < —  --^ 
the  rod  in  inches,  add  1,  and  multiply  the  sum  by  0-0129  time;  tl^^^e 
square  root  of  the  pressure  on  the  piston  in  pounds  per  squa^^E~i« 
inch,  multiplied  by  the  diameter  of  the  cylinder  in  inches;  tl^^Ke 
product  is  the  diameter  of  each  side  rod  al  the  centre  in  inch^^B«s. 
The  strain  upon  the  side  rods  is  by  these  rules  equal  to  one-si]^^B>«ih 
of  the  elastic  force. 

Q.  How  do  you  determine  the  dimensions  of  the  crank  ? 

^.  In  modem  screw  engines  llie  crank  is  often  forged  upon  —~-     ike 
shaft.     But  in  some  cases  it  is  made  separate,  as  is  uniformly  ihe 

case  in  paddle  engines.  To  find  the  cxten'or  diameter  of  the  la^^Mi^ 
eye  of  the  crank  when  of  malleable  iron  :  To  1-561  times  the  p  Tes- 
sure  of  the  steam  upon  the  piston  in  lbs.  per  square  inch,  m^^ilii. 
piled  by  the  square  of  the  length  of  the  crank  in  inches,  -adrf 
o'0O494  times  the  square  of  the  diameter  of  the  cylinder  in  incz  ^a, 
multiplied  by  the  square  of  the  number  of  pounds  pressure 
square  inch  on  the  piston ;  extract  the  square  root  of  this  quant^/^ 
divide  the  result  by  75-5g  limes  the  square  root  of  the  lengtft  a' 
the  crank  in  inches,  and  multiply  the  quotient  by  the  diameierar  I 
the  cylinder  in  inches ;  square  the  product  and  extract  the  aib«  1 
root  of  the  square,  to  which  add  the  diameter  of  the  hole  for  the  1 
reception  of  the  shaft,  and  the  result  will  be  the  cMcrior  dinmtler 
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of  the  large  eye  of  the  crank  when  of  malleable  iron.  The  dia- 
meter of  the  small  eye  of  the  crank  may  be  found  by  adding  to  the 
diameter  of  the  crank  pin  0*02521  times  the  square  root  of  the 
pressure  on  the  piston  in  pounds  per  square  inch,  multiplied  by  the 
diameter  of  the  cylinder  in  inches. 

2.  What  will  be  the  thickness  of  the  crank  web  ? 
A.  The  thickness  of  the  web  of  the  crank,  supposing  it  to  be 
continued  to  the  centre  of  the  shaft,  would  at  that  point  be  repre- 
sented by  the  following  rule: — To  1-561  times  the  square  of  the 
length  of  the  crank  in  inches,  add  0*00494  times  the  square  of  the 
diameter  of  the  cylinder   in   inches,  multiplied  by  the   pressure 
on  the  piston  in  pounds  per  square  inch  ;  extract  the  square  root 
of  the  sum,  which  multiply  by  the  diameter  of  the  cylinder  squared 
^  inches,  and  by  the  pressure  on  the  piston  in  pounds  per  square 
inch ;  divide  the  product  by  9,000,  and  extract  the  cube  root  of 
^e  quotient,  which  will  be  the  proper  thickness  of  the  web  of  the 
^^k  when  of  malleable  iron,  supposing  the  web  to  be  continued 
to  the  centre  of  the  shaft.     The  thickness  of  the  web  at  the  crank 
P^n  centre,  supposing  it  to  be  continued  thither,  would  be  0*022 
"^es  the  square   root  of  the  pressure  on  the   piston  in  pounds 
P^  square  inch,  multiplied  by  the  diameter  of  the  cylinder.     The 
"''cadth  of  the  web  of  the  crank  at  the  shaft  centre  should  be 
^cc  the  thickness,  and  at  the  pin  centre  i.^  times  the  thickness  of 
^e  web  ;  the  length  of  the  large  eye  of  the  crank  should  be  equal 
*°  the  diameter  of  the  shaft,  and  of  the  small  eye  0037 5  times  the 
^Uare  root  of  the  pressure  on  the  piston  in  pounds  per  square  inch, 
^^Uiiplicd  by  the  diameter  of  the  cylinder. 

Q.  Will  you  apply  the  same  method  of  computation  to  find  the 
^^**JXicnsions  of  a  malleable  iron  paddle  shaft  ? 

A,  The  method  of  computation  will  be  as  follows  : — To  find  the 
^^^'itiensions  of  a  malleable  iron  paddle  shaft,  so  that  the  strain  shall 
^^  exceed  five-sixths  of  the  elastic  force :  Multiply  the  pressure  in 
J^^Hmds  per  square  inch  on  the  piston  by  the  square  of  the  diameter 
^  the  cylinder  in  inches,  and  the  length  of  the  crank  in  inches,  and 
Extract  the  cube  root  of  the  product,  which,  multiplied  by  0*08264, 
^U  be  the  diameter  of  the  paddle  shaft  journal  in  inches  when  of 
^'^Ueable  iron,  whatever  the  pressure  of  the  steam  may  be.     The 
^^ngth  of  the  paddle  shaft  journal  should  be  i  \  times  the  diameter ; 
^d  the  diameter  of  the  part  where  the  crank  is  put  on  is  often 
^e  equal  to  the  diameter  over  the  collars  of  the  bearing. 
2-  How  do  you  find  the  diameter  of  the  crank  pin  ? 
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A.  The  diameter  of  the  crank  pin  in  inches  may  be  found  by 
tnultiph  in^  0-02836  times  the  square  root  of  the  pressure  on  the 
piston  in  lbs.  per  square  inch,  by  the  diameter  of  the  cylinder  in 
ni»  ho8.  The  length  of  the  pin  is  usually  about  Jth  times  its 
^liainrtcr,  and  the  strain,  if  all  thrown  upon  the  end  of  the  pin,  will 
W  rijual  to  the  elastic  force ;  but,  in  ordinary  working,  the  strain 
w  ill  only  be  equal  to  Jrd  of  the  elastic  force. 

O.  What  are  the  dimensions  of  the  cross  head  ? 

A,  If  the  length  of  the  cross  head  be  taken  at  1-4  times  the 
diameter  of  the  cylinder,  the  dimensions  of  the  cross  head  will  be 
as  follows  : — The  exterior  diameter  of  the  eye  in  the  cross  head  for 
the  reception  of  the  piston  rod,  will  be  equal  to  the  diameter  of  the 
hole,  plus  002827  times  the  cube  root  of  the  pressure  on  the  piston 
in  lbs.  per  square  inch,  multiplied  by  the  diameter  of  the  cylinder 
in  inches  ;  and  the  depth  of  the  eye  will  be  00979  times  the  cube 
root  of  the  pressure  on  the  piston  in  lbs.  per  square  inch,  multi- 
plied by  the  diameter  of  the  cylinder  in  inches.     The  diameter  of 
each  cross  head  journal  will  be  0017 16  times  the  square  root  of 
the  pressure  on  the  piston  in  lbs.  per  square  inch,  multiplied  by 
the  diameter  of  the  cylinder  in  inches — the  longth  of  the  journal 
being  Jths  its  diameter.     The  thickness  of  the  web  at  centre  will 
be  0'0245  ^i»^es  the  cube  root  of  the  pressure  on  the  piston  in  lbs. 
per  square  inch,  multiplied  by  the  diameter  of  the  cylinder  in 
inches  ;  and  the  depth  of  web  at  centre  will  be  009178  times  the 
cube  root  of  the  pressure  on  the  piston  in  lbs.  per  square  inch, 
multiplied  by  the  diameter  of  the  cylinder  in  inches.     The  thickness 
of  the  web  at  journal  will  be  00122  times  the  square  root  of  the 
pressure  on  the  piston  in  lbs.  per  square  inch,  multiplied  by  the 
diameter  of  the  cylinder  in  inches  ;  and  the  depth  of  the  web  at 
journal  will  be  00203  times  the  square  root  of  the  pressure  upon 
the  piston  in  lbs.  per  square  inch,  multiplied  by  the  diameter  of 
the  cylinder  in  inches.     In   these  rules  for  the  cross  head,  the 
strain  upon  the  web  is  j.^ojr  times  the  elastic  force ;  the  strain  upon 
the  journal  in  ordinary  working  is  r.-Jg  times  the  elastic  force  :  and 
if  the  outer  ends  of  the  journals  were  the  only  bearing  points,  the 
strain  would  be  y.],,^  times  the  elastic  force.     But  no  such  case 
can  occur  in  practice. 

O,  How  do  you  find  the  diameter  of  the  main  centre? 

A.  The  diameter  of  the  main  centre  may  be  found  by  multi- 
plying 0'0367  times  the  square  root  of  the  pressure  upon  the  piston 
in  lbs.  per  square  inch  by  the  diameter  of  the  cylinder  in  mches. 
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which  will  give  the  diameter  of  the  main  centre  journal  in  inches 
when  of  malleable  iron,  and  the  length  of  the  main  centre  journal 
should  be  i  \  times  its  diameter.  The  strain  upon  the  main  centre 
journal  in  ordinary  working  will  be  about  \  the  elastic  force. 

Q.  WTiat  are  the  proper  dimensions  of  the  gibs  and  cutters  of 
an  engine  ? 

A.  The  depth  of  gibs  and  cutters  for  attaching  the  piston  rod 
to  the  cross  head  is  0*0358  times  the  cube  root  of  the  pressure  of 
thi  steam  on  the  piston  in  lbs.  per  square  inch,  multiplied  by  the 
diameter  of  the  cylinder  ;  and  the  thickness  of  the  gibs  and  cutters 
is  ox)07  times  the  cube  root  of  the  pressure  on  the  piston  in  lbs. 
per  square  inch,  multiplied  by  the  diameter  of  the  cylinder.  The 
<iepth  of  the  cutter  through  the  piston  is  0*017  times  the  square 
^wn  of  the  pressure  on  the  piston  in  lbs.  per  square  inch,  multi- 
plied by  the  diameter  of  the  cylinder  in  inches  ;  and  the  thickness 
^  the  cutter  through  the  piston  is  0*007  times  the  square  root  of 
"^  pressure  on  the  piston  in  lbs.  per  square  inch,  multiplied  by 
^  diameter  of  the  cylinder. 

(2-  Arc  these  rules  applicable  to  modern  marine  engines  of  the 
compound  variety  ? 

A,  They  are  applicable  to  engines  of  every  kind,  and  although 
side  lever  paddle  engines  are  now  obsolete,  the  rules  and  principles 
vhich  applied  to  them  are  also  applicable  to  all  kinds  of  modem 
Qigines.  As,  however,  the  power  of  paddle  engines  is  delivered 
at  two  points,  and  the  power  of  screw  engines  at  only  one,  it  is 
expedient  to  make  the  screw  shaft  a  good  deal  stronger  than 
paddle  shafts  transmitting  the  same  force  or  strain. 

(2.  Is  the  strain  thrown  upon  a  shaft  by  a  pair  of  engines  with 
tbeir  cranks  at  right  angles  greater  than  the  maximum  strain  pro- 
duced by  one  of  the  engines  only,  seeing  that  when  ore  engine  is 
exerting  its  maximimi  force  of  torsion,  the  other  is  at  the  dead 
point  of  the  crank  and  not  exerting  any  force  } 

A.  Yes  ;  it  is  greater,  but  not  twice  as  great. 

Q.  If  the  cranks  be  at  right  angles,  will  not  the  maximum  strain 
^Crtcd  by  one  engine  correspond  with  the  minimum  strain  exerted 
W  the  other  engine,  so  that  by  the  application  of  the  second 
^gine  the  strain  will  only  be  rendered  more  continuous,  but  will 
^  be  increased  in  amount  ? 

A.  It  will  be  rendered  more  continuous,  but  will  also  be  con- 
siderably increased  in  amount. 
2-  Will  you  explain  how  this  effect  arises  ? 
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A,  To  do  this  I  will  take  the  case  of  an  inverted  compound 
engine  with  two  cylinders,  such  as  is  commonly  employed  in  screw 
steam  vessels  at  the  present  day.  The  pistons,  though  unequal  in 
diameter,  are  usually  moved  up  and  down  with  an  equal  force,  the 
larger  diameter  of  the  low-pressure  piston  being  compensated  by 
the  greater  pressure  of  steam  on  the  other. 

Q.  How  do  you  estimate  the  efficacy  of  the  crank  in  turning 
the  shaft,  supposing  the  pressure  on  the  piston  to  be  uniform  ? 

A,  In  all  rotative  engines  there  will  be  a  point  in  the  middle 
of  the  stroke  at  which  the  crank  acts  with  its  full  leverage  in 
turning  the  shaft,  and  points  at  each  end  of  the  stroke  at  which  it 
acts  with  no  leverage  at  all,  and  consequently  \vith  no  force  what- 
ever. In  the  case  of  an  inverted  engine,  the  effective  length  of  the 
crank  at  each  point  of  the  stroke  is  measurably  by  the  horizontal 
distance  between  the  circle  described  by  the  crank  pin  and  a 
vertical  line  carried  through  the  centre  of  the  shaft.  This  will  be 
readily  understood  by  a  reference  to  fig.  Zi,  where  A  B  represents 
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Fig.  83  — Dbgnim  showing 
effectual  length  of  crank 
in  a  single  engine. 


Fig.  84.-  Diagram  showing  effectual  length 
of  crank  in  two  engines  comlnzicd. 


the  position  of  the  crank  when  on  the  top  centre,  and  B  c  its  posi- 
tion when  on  the  bottom  centre.  A  c  is  consequently  the  length 
of  the  stroke,  which  may  be  divided  into  six  equal  heights  by 
dotted  lines,  which  will  represent  equal  ascents  or  descents  of  the 
piston.  The  different  corresponding  positions  of  the  crank  arc 
shown  by  the  lines  B^a,  b^^,  b^^,  &c.,  and  the  corresponding 
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effective  lengths  of  the  crank  are  shown  by  the  horizontal  dotted 
lines  2  a.^  3  ^sj  4<'„  &c.  Supposing  the  length  of  the  stroke  to  be 
6  feet,  the  effective  length  of  the  horizontal  crank  will  be  3  feet, 
while  its  effective  length  in  the  position  B^i,  will  be  2  feet  10 
inches,  and  in  the  position  B  a,  it  will  be  2  feet  2^  inches,  these 
being  the  comparative  lengths  of  the  dotted  lines. 

Q.  In  the  case  of  an  engine  with  one  cylinder,  therefore,  the 
force  of  torsion  exerted  upon  the  shaft  will  vary  from  nil  to  the 
full  force  of  the  piston  acting  at  the  end  of  a  crank  or  lever  3  feet 
long.  What  will  be  the  maximum  and  minimum  strains  exerted 
by  a  pair  of  equal  engines  with  the  cranks  at  right  angles  t 

A.  Here,  as  before,  we  shall  best  explain  the  position  of  affairs 
by  the  aid  of  a  diagram.  In  fig.  84  AC  is  the  vertical  line  passing 
through  B,  the  centre  of  the  shaft,  and  representing  the  length  of 
the  stroke  as  before.  The  dotted  lines  2  ^ j,  3  rtj,  &c.,  represent 
the  respective  efficacies  of  the  crank  of  one  of  the  engines  in  its 
different  positions  and  the  dotted  lines  2b^  3  ^j,  &c.,  represent  the 
corresponding  efficacies  of  the  crank  of  the  other  engine  in  its 
different  corresponding  positions.  The  minimum  efficacy,  instead 
of  being  nil  as  before,  is  now  equal  to  the  maximum  efficiency 
attained  by  the  single  engine,  while  the  maximum  efficacy  of  the 
two  engines  is  represented  by  the  collective  lengths  of  each  pair 
of  horizontal  dotted  lines.  At  b^  the  effective  length  of  one  crank 
IS  «/■/,  but  that  of  the  other  is  3  feet.  At  a^  the  effective  length  of 
one  crank  is  «/7,  while  that  of  the  other  is  3  feet  At  a^  b^  the 
«feaive  length  of  one  crank  is  2  feet  10  inches,  and  of  the  other 
2  feet  2\  inches,  making  the  collective  length  5  feet  o^  inches. 
'Atflj^.^the  effective  length  of  one  crank  is  2  feet  2 J  inches,  and 
of  the  other  2  feet  10  inches,  making  the  collective  length  5  feet 
^\  inches  as  before.  The  strain  upon  the  shaft,  therefore,  by  the 
application  of  a  second  engine  is  increased  in  the  proportion  of 
about  5  to  3. 

G-  What  effect  is  produced  by  the  introduction  of  three  equal 
^gines  working  at  equal  angles } 

A.  With  such  an  arrangement  the  force  of  torsion  on  the  shaft 
^  be  exactly  doubled,  or  the  maximum  will  be  the  same  as  that 
exerted  by  a  single  piston  with  double  the  pressure  upon  it  This 
IS  shown  by  the  diagram  fig.  85,  where  B  is  the  centre  of  the  shaft 
and  A  c  the  length  of  the  stroke  as  before.  B  a  is  the  horizontal 
crank,  and  B^  and  Be  the  corresponding  positions  of  the  cranks  of 
the  other  engines.     It  will  be  obvious  from  an  inspection  of  the 
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diagram  that  the  effective  length  of  the  crank  B  ^  is  represented 
by  the  dotted  line  B  //,  which  also  represents  the  effective  length  of 
the  crank  B  c.  But  twice  B  //  is  equal  to  B  ^,  or,  in  other  words  the 
joint  efficiencies  of  these  two  cranks  in  the  positions  shown  is 
equal  to  that  of  one  horizontal  crank.  The  collective  efficiency 
of  the  whole  combination,  therefore,  is  equal  to  that  of  two  hori- 
zontal cranks,  or,  in  other  words,  the  maximum  force  of  torsion 
exerted  by  three  engines  in  turning  a  shaft  with  their  cranks 
placed  at  equal  angles  is  equal  to  that  exerted  by  two  engines  with 
their  cranks  horizontal,  or  is  equal  to  that  exerted  by  a  single 
engine  with  twice  the  pressure  urging  the  piston. 

Q.  In  the  cases  you  have  already  taken  the  pressure  is  assumed 
to  be  uniform  throughout  the  stroke,  the  intention  being  to  illus- 
trate the  various  torsional  efficiencies  of  the  crank  in  its  different 
positions  without  complicating  that  problem  with  other  questions. 

I 
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Fie.  85.— DiaKram  showing  effectual  lenses         Fig.  86.— Diagram  showiiweffecti^t 


of  crank  with  three  engines  set  at  equal 
angles. 


lerai 
lengths  of  c 
actmg  expansively. 


Having  solved  this,  however,  it  is  proper  to  recollect  that  neither 
in  compound  engines  nor  in  modem  engines  of  any  class  is  there 
a  uniform  pressure  maintained  throughout  the  stroke.  All  modern 
engines  act  to  a  greater  or  less  extent  expansively,  and  in  compound 
engines  it  is  a  frequent  arrangement  to  cut  off  the  steam  from  the 
high-pressure  cylinder  at  one-third  of  the  stroke,  leaving  it  to  ex- 
pand three  times  in  that  cylinder,  and  three  times  more  in  ihc  lo«- 
pressure  cylinder  or  cylinders  to  which  it  is  next  conducted.  Witt 
you  indicate  in  what  way  the  introduction  of  the  expansive  prin* 
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ciple  zffects  the  question  of  the  maximum  strain  of  torsion  thrown 
upon  the  shaft  ? 

A,  Here,  as  in  previous  cases,  we  shall  be  aided  by  the  intro- 
duction  of  a  diagram,  and  in  fig.  86  the  result  is  shown  that  is  pro- 
duced on  the  force  of  torsion  of  the  crank  of  a  single  engine  by 
cutting  off  the  steam  at  one- third  of  the  stroke.     It  is  obvious  that 
the  force  of  torsion  will  be  equally  reduced  by  diminishing  the 
pressure  of  the  steam  or  by  diminishing  the  leverage  or  efficient 
length  of  the  crank,  and  in  the  diagram  this  leverage  is  reduced 
rateably  with  the  diminution  of  pressure  in  the  cylinder  so  as  to 
show  the  equivalent  effect  at  one  view.     It  will  be  obvious  from  an 
inspection  of  the  diagram  that  the  eflficient  lengths  of  the  crank 
2  a,  and  3  a^  for  the  first  two-sixths  or  one-third   of  the  stroke 
remain  the  same  as  before.     But  the  maximum  strain,  instead  of 
being  at  4  a^  where  the  crank  is  horizontal,  is  at  3  a^  where  the 
steam  is  cut  off.     The  eflficient  lengths  of  the  crank  at  a  ^  and  tt  ^ 
arc  also  greatly  reduced,  and  if  we  construct  a  diagram  on  this 
pnnciple  for  two  cylinders,  we  shall  find  that  the  maximum  strain  of 
torsion  on  the  shaft  from  two  cylinders  with  the  steam  cut  off  at  one- 
third  is  very  little  more  than  that  produced  by  a  single  engine  work- 
ingwiih  full  pressure  throughout  the  stroke.  This  discovery  warrants 
OS  in  asserting  that  the  rules  heretofore  in  force  for  the  strengths 
of  sin^e  or  double  engines,  working  either  without  expansion  or 
*ith  a  very  limited  amount  of  expansion,  will  also  give  adequate 
strength  for  engines,  whether  with  two  or  three  cylinders,  working 
3t  the  high  rates  of  expansion  now  usual  in  compounds,  except  in 
the  case  of  screw  shafts,  which  require  to  be  made  stronger  than 
paddle  shafts,  as  the  whole  force  is  transmitted  through  them,  and 
ttcepting  also  high  speeds,  where  steel  should  be  substituted  for 
*J  equal  area  of  iron,  so  as  not  merely  to  give  strength  but  to  pre- 
*^t  vibration. 

Q.  Will  you  give  some  examples  of  the  application  of  these 
^  to  modem  compound  engines,  and  compare  the  results  ob- 
^^ined  with  the  strengths  actually  adopted  in  one  of  the  best 
^^(amples  of  recent  compound  engines  ? 

A,  I  will  take  for  the  purposes  of  this  comparison  the  engines 

<if  the  'Alaska,'  constructed  by  Messrs.  John  Elder  &  Co.,  this 

^^sscl  having  proved  herself  one  of  the  most  eflficient  on  the 

Atlantic,  and  all  the  parts  have  been  found  to  be  abundantly  strong. 

The  boilers  and  the  working  parts  of  the  engines  are  of  steel. 

The  pressure  of  steam  is  100  lbs.  on  the  square  inch,  and  the 

p  1 
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power  is  generated  by  one  high -pressure  cylinder  of  68  incheS' 
diameter  and  6  feet  stroke,  and  two  low-pressure  cylinders,  each  of 
loo  inches  diameter  and  6  feet  stroke.  Taking  the  tacuutn  in  the 
low-pressure  cylinders  at  12  lbs.,  there  must  be  a  pressure  in  the 
receiver  of  about  23  lbs.  to  bring  the  force  exerted  by  each  of  the 
low-pressure  pistons  up  to  that  enerted  by  the  high -pressure  piston. 
Now,  100  lbs.  steam  -  23  lbs.  back  pressure  -  77  lbs.,  which  will  be 
the  effective  pressure  urging  the  high-pressure  piston  ;  and  23  lbs. 
steam  and  12  lbs.  vacuum  =  35  lbs.,  which  will  be  the  effective 
pressure  urging  the  low-pressure  pistons.  The  area  of  a  cylinder 
68  inches  diameter  is  3,631*68  square  inches,  and  the  area  of  a 
cylinder  100  inches  diameter  is  7,854  square  inches.  By  our  rule 
for  wrought  iron  piston  rods  the  proper  diameter  for  a  cylinder 
6B  inches  diameter  and  with  77  lbs.  steam  comes  out  at  1 1*93,  and 
for  a  cylinder  too  inches  diameter  with  35  lbs.  pressure  of  steam 
and  vacuum  1 1  '8  inches,  or  say  1 2  inches,  in  each  case.  The  piston 
rods  of  the  '  Alaska '  are  made  of  steel,  which  may  be  taken  ut 
twice  the  strength  of  iron.  The  proper  diameter  for  a  steel  piston 
rod  can  manifestly  be  got  by  finding  the  proper  diameter  for  an 
iron  rod  in  [he  case  of  an  engine  with  half  the  area  of  cylit^der. 
Now,  a  cylinderof  48  inches  diameter  will  have  about  half  the  Area 
of  a  cylinder  68  inches  diameter.  The  proper  diameter  of  rod 
for  such  an  engine,  if  made  of  iron,  will  therefore  be  B'jig  inches, 
and  this  will  be  the  proper  diameter  for  a  steel  rod  in  the  case  of 
a  cylinder  of  68  inches  diameter  and  77  lbs.  effective  pressure  of 
steam.  By  the  same  process  we  find  that  the  area  of  a  cylinder 
71  inches  diameter  is  about  half  that  of  a  cylindi 
diameter,  and  that  an  iron  rod  8-38  inches  diameter  is  of  the 
proper  for  a  7t  inch  cylinder  with  35  pressure  per  st^uarc  inch 
the  piston.  This,  therefore,  is  the  proper  aiie  of  a  steel  rod  for  a  lOO- 
inch  piston  moving  slowly.  The  piston  rods  of  the  '  Alaska '  arc  each 
1 1  inches  diameter,  so  that,  being  made  of  steel,  they  afford  .1  lar^c 
margin  of  strength.  In  general  it  may  be  stated  that  ilic  strengths 
proper  for  low-speed  engines  in  iron  will  be  those  proper  for  high- 
speed engines  in  steel,  and  all  modem  marine  compounds  fall 
under  the  denomination  of  high-speed  engines. 

Q.  How  do  the  proportions  of  connecting  rod  given  by  the 
side  lever  rules  compare  with  those  subsisting  in  the  'Alaska'? 

A,  The  two  are  not  strictly  comparable,  as  in  a  side  lever  en- 
gine the  connecting  rod  is  a  straight  rod,  whereas  in  the  *  Alask:i 
it  is  jawed  to  receive  the  end  of  the  piston  rod,  and  at  the  othr; 
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end  it  is  kept  large,  the  better  to  support  the  butt.  According  to 
the  rule  given  for  the  strengths  of  the  parts  of  side  lever  engines 
the  connecting  rod,  if  made  of  iron,  should  be  1 1*33  inches  diameter 
at  the  ends  and  17  inches  in  the  middle.  In  the  *  Alaska 'the 
connecting  rod  is  12  inches  diameter  below  the  jaw  and  14  inches 
diameter  immediately  above  the  butt. 

Q.  You  have  stated  that  a  screw  shaft  should  be  stronger  than 
a  paddle  shaft,  as  the  power  is  all  given  out  at  one  point  instead  of 
being  taken  away  at  two  points,  as  is  done  by  paddle  wheels. 
Should  not  extra  strength  be  also  given  because  there  is  only  one 
instrument  of  propulsion  in  screw  vessels,  any  accident  occurring 
to  which  disables  the  vessel,  while  a  paddle  vessel  may  still  pursue 
her  voyage  with  one  paddle  wheel  .^ 

A.  That,  no  doubt,  is  so,  and  the  screw  and  screw  shaft  should 
therefore  be  made  especially  strong. 

2-  You  have  also  stated  that  in  the  case  of  three  engines  being 
coupled  to  one  shaft  at  equal  angles,  the  maximum  strain  is  equal 
to  that  exerted  by  two  single  engines,  each  exerting  its  maximum 
strain  } 
A»  I  es. 

2-  Should  not  some  modification,  therefore,  be  introduced  into 
the  paddle  shaft  rule  to  make  it  appropriate  for  screw  vessels  ? 
-4.  No  doubt 

Q.  Will  you  explain  what  such  modification  should  be  ? 

A.  We  may  either  take  an  imaginary  high -pressure  cylinder 

of  twice  the  real  area,  or  an  imaginary  low-pressure  cylinder  with 

twice  the  real  pressure,  or  in  any  other  way  suppose  the  torsional 

force  imparted  to  the  shaft  to  be  doubled,  and  then  pursue  the 

calculation  as  in  the  rule  for  the  strength  of  paddle  shafts.   Suppose 

tliat  we  elect  to  take  double  the   pressure  in  the   low-pressure 

'7Hndcr,  then  v^ 70  x  100-  x  36  multiplied  by  0-08264  will  give  the 

proper  diameter  of  the  shaft.     Now  70  x  100'  x  36  =  25,200,000,  the 

cobe  root  of  which  is  292  \  and  292  *  008264  =  24*13,  which  is  the 

proper  diameter  of  the  screw  shaft  in  inches,  supposing  it  to  be 

o[ wrought    iron.     In  the  'Alaska*  the  screw  shaft  is  24  inches 

oiaineter,  but  it  is  made  of  steel,  so  that  it  contains  a  very  large 

^rgin  of  strength.     In  modern  engines  of  every'  kind  the  working 

parts  are  generally  made  of  steel,  and  if  the  engines  move  at  a  high 

rate  of  speed,  as  modem  engines  generally  do,  it  is  proper  to  have 

a  good  margin  of  strength,  not  merely  to  obviate  fracture,  but  to 

diminish  vibratioxL     Shafts  of  such  a  size  as  the  screw  shaft  of  the 
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*  Alaska '  should  always  be  made  hollow,  as  the  weight  may  thos 
be  greatly  reduced  without  any  diminution  in  the  strength.  Such 
shafts  are  now  largely  manufactured  by  Sir  Joseph  Whitworth  &  Ca, 
and  notwithstanding  their  high  price  are  fast  coming  into  ex- 
tensive use.  There  appears  to  be  no  example  of  one  of  these 
shafts  having  given  way.  The  piston,  rods  and  connecting  rods 
might  also  with  advantage  be  made  hollow. 

Q.  In  what  way  is  the  crank  usually  formed  in  the  case  of 
screw  shafts  ? 

A.  It  is  generally  cut  out  of  the  solid,  and  the  crank  pin  is  in 
such  case  always  made  of  as  great  a  diameter  as  the  shaft,  and  in 
some  cases  of  a  somewhat  greater  diameter,  to  reduce  the  pressure 
per  square  inch  on  the  surface  of  the  bearing.  Sir  Joseph  Whit- 
worth &  Co.,  however,  are  now  making  screw  shafts  with  the 
cranks  put  on  in  the  old  fashion,  and  such  cranks  appear  to  be 
more  reliable  than  those  formed  in  the  shaft  itself. 

Q.  What  would  be  the  diameter  of  the  large  and  small  eyes  of 
the  crank  if  made  in  this  manner  in  the  case  of  the  *  Alaska,'  and 
what  the  diameter  of  the  crank  pin  ? 

A.  According  to  the  rules  already  given  the  large  eye  of  the 
crank  would  be  39 J  inches  diameter  and  the  small  eye  31}  inches. 
The  diameter  of  the  crank  pin  would  be  i63  inches.  But  it  would 
be  better  to  make  the  crank  pin  hollow  and  of  larger  diameter. 

Q,  Does  not  the  slight  bending  of  a  screw  shaft  between  the 
bearings,  from  its  own  weight,  somewhat  increase  the  strain  upon 
it? 

A,  It  does,  as  also  does  the  slight  bending  of  the  ship  in  ahea>7 
sea.  There  are,  therefore,  various  concurring  reasons  why  screw 
shafts  should  be  of  extra  strength. 
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CHAPTER  V. 
CONSTRUCTIVE  DETAILS  OF  BOILERS, 

LAND  AND  MARINE  BOILERS. 

(2-  Will  you  explain  the  course  of  procedure  adopted  by 
Bottlton  and  Watt  in  the  construction  and  setting  of  waggon 
boilers  ? 

A.  Most  of  these  boilers  were  made  of  plates  three-eighths  of 
^  inch  thick,  and  the  rivets  were  from  three-eighths  to  threc- 
^luths  of  an  inch  in  diameter.  In  the  bottom  and  sides  of  a 
'^on  boiler  the  heads  of  the  rivets,  or  the  ends  formed  on  the 
nvets  before  they  are  inserted,  were  large  and  placed  next  the  fire, 
*  on  the  outside  ;  whereas  on  the  top  of  the  boiler  the  heads  were 
^  the  inside.  The  rivets  were  placed  about  two  inches  distant 
^"om  centre  to  centre,  and  the  centre  of  the  row  of  rivets  was  about 
^  inch  from  the  edge  of  the  plate.  The  edges  of  the  plates  were 
^y  cut,  both  inside  and  outside,  and  after  the  parts  of  the  boiler 
W  been  riveted  together,  the  edges  of  the  plates  were  set  up  or 
^^^olked  with  a  blunt  chisel  about  a  quarter  of  an  inch  thick  in 
^c  point,  and  struck  by  a  hammer  of  about  three  or  four  pounds 
^^ght,  one  man  holding  the  caulking  tool  while  another  struck 
^ith  the  hanuner. 

j2.  Is  this  the  usual  mode  of  caulking  ? 

A.  No,  it  is  not  the  usual  mode ;  but  it  is  the  best  mode,  and 
*^  the  mode  adopted  by  Mr.  Watt.  The  usual  mode  is  for  one 
^^  to  caulk  the  seams  with  a  hammer  in  one  hand  and  a  caulking 
^^iscl  in  the  other,  and  in  some  of  the  difficult  corners  of  marine 
^uc  boilers  it  is  not  easy  for  two  men  to  get  in.  A  good  deal  of 
^  caulking  has  also  sometimes  to  be  done  with  the  left  hand 

2-  Should  the  boiler  be  proved  after  caulking  t 

A,  The  boiler  should  be  filled  with  water  and  caulked  afresh 
^  any  leaky  part  when  emptied  again.    All  the  joints  were  painted 
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with  a  solution  of  sal  ammoniac  in  urine,  and  so  soon  as  the  seamP 
were  well  rusted  they  were  dried  with  a  gentle  fire,  and  then 
painted  over  willi  a  thin  putty  formed  of  whiling  and  linseed  oiJ. 
the  heat  being  continued  until  the  putty  became  so  hard  that  it 
could  not  be  readily  scratched  with  the  nail,  and  care  was  taken 
neither  lo  burn  the  putty  nor  to  discontinue  the  fire  until  it  had 
become  quite  dry. 

Q.  How  was  the  brickwork  setting  of  a  waggon  boiler  built  ? 

A.  In  building  the  brickwork  for  the  setting  of  the  boiler,  the 
parts  upon  which  the  heat  acted  with  most  intensity  were  built  with 
clay  instead  of  mortar,  but  mortar  was  used  on  the  outside  of  the 
work.  Old  bars  of  flat  iron  were  laid  under  the  boiler  chime  to 
prevent  that  part  of  the  boiler  from  being  burned  out,  and  bars  of 
iron  were  also  run  through  the  brickwork  to  prevent  it  ftom  split- 
ting.  The  top  of  the  boiler  was  often  covered  with  brickwork  laid 
in  the  best  lime,  and  if  the  lime  were  not  of  the  liydraulic  kind,  it 
was  mixed  with  Dutch  terrass  to  make  it  impenetrable  to  w. 
The  lop  of  the  boiler  was  we!l  plastered  with  this  lime,  w 
greatly  conduced  to  the  tightness  of  the  seams.  Openings 
the  flues  were  left  in  convenient  situations  to  enable  the  flues  lo  be 
swept  out  when  required,  and  these  openings  were  closed  with  cast 
iron  doors  jointed  with  clay  or  mortar,  which  could  be  easily  re- 
moved  when  required.  Adjacent  lo  the  chimney  a  slit  was  left  in 
the  top  of  the  fiue,  with  a  groove  in  the  brickwork,  to  enable 
the  sliding  door  or  damper  to  be  fixed  in  that  situalion,  which, 
by  being  lowered  into  the  flue,  obstructed  the  passage  of  the 
smoke  and  moderated  the  draught,  whereby  the  chimney  was  pre- 
vented from  drawing  the  flame  into  it  before  the  heat  had  acted 
sufficiently  upon  the  boiler.  Waggon  boilers  are  little  used  now, 
cylindrical  boilers  adapied  for  a  higher  pressure  being  generally 
preferred,  and  the  riveting  is  for  the  most  part  done  by  the  riveting 
machine. 

Q.  Are  marine  constructed  in  the  same  way  as  land  boilers? 

A.  There  is  very  little  difference  in  the  two  cases.  Even  fyc 
the  lowest  pressures,  however,  the  whole  of  the  shells  should  |h| 
double-riveted  with  rivets  \\ih%  of  an  inch  in  diameter,  and  a||^ 
inches  from  centre  to  centre,  the  weakening  eflecl  of  double  rivcta 
ing  being  much  less  than  that  of  single  riveting.  For  higher 
pressures  the  butt  ends  of  the  plates  should  be  flush,  and  the 
covering  plates  double  with  six  rows  of  rivets,  and  the  rivets  in  the 
rows  farthest  from  the  julnt  should  be  pitched  wider  apart  than  the 
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others.  Heavy  and  thick  boilers  should  always  be  riveted  by  the 
riveting  machine,  which  makes  the  most  solid  work.  The  tube 
plates  of  tubular  boilers  should  be  of  the  best  Lowmoor  or  Bowling 
iron  ;  the  shells,  if  not  steel,  should  be  of  the  best  Staffordshire. 

Q.  Of  what  kind  of  iron  should  the  angle  iron  or  corner  iron  be 
composed  ? 

A.  Angle  iron  should  not  be  used  in  the  construction  of  boilers, 
as  in  the  manufacture  it  becomes  reedy,  and  is  apt  to  split  up  in 
the  direction  of  its  length.  It  is  much  the  safer  practice  to  bend 
the  plates  at  the  comers  of  the  boiler ;  but  this  must  be  carefully 
done  without  introducing  any  more  sharp  bends  than  can  be 
avoided,  and  plates  which  require  to  be  bent  much  should  be  of 
Lowmoor  or  other  iron  of  equal  quality. 

(2-  Is  it  not  important  to  have  the  holes  in  the  plates  opposite 
to  one  another  1 

A.  In  cases  where  the  pressure  is  not  great,  or  the  plates  very 
thick,  the  whole  of  the  plates  of  a  boiler  should  have  the  holes  for 
the  rivets  punched,  and  the  edges  cut  straight,  by  means  of  self- 
acting  machinery,  in  which  a  travelling  table  carries  forward  the 
plate  with   an   equal   progression   every  stroke  of  the  punch  or 
shears ;  and  machinery  of  this  kind  is  now  extensively  employed. 
The  practice  of  forcing  the  parts  of  boilers  together  with  violence, 
by  means  of  screw-jacks,  and  drifts  through  the  holes,  is  never  now 
pennitted,  as  a  great  strain  might  thus  be  thrown  upon  the  rivets, 
even  when  there  was  no  steam  in  the  boiler.     All  rivets  should  be 
<rfthc  best  Lowmoor  iron  or  of  steel ;  and  boilerb  formed  wholly  of 
steel  are  now  not  unusual.     The  edges  of  thick  plates  are  now 
usually  planed,  and  in  many  cases  the  whole  of  the  rivet-holes  are 
drilled  through  both  plates  after  the  plates  have  been  put  in  their 
P^es.    The  work  should  be  caulked   both  within   and   without 
wherever  it  is  accessible.     In  the  more  confined  situations  within 
^e  flues  the  caulking  will  in  many  cases  have  to  be  done  with  the 
"^d  or  chipping  hammer,  instead  of  the  heavy  hammer  previously 
prescribed. 

2-  How  is  the  setting  of  marine  boilers  with  internal  furnaces 
effected.? 

A.  Most  marine  boilers  are  now  cylindrical,  and  they  rest  in 

cast-iron  saddles  carried  by  the  keelsons   of  the  vessel.     In  the 

case  of  rectangular  boilers  with  flat  bottoms,  they  were  generally 

imbedded  in  mastic  cement  spread  upon  a  wooden  floor  resting  on 

the  keelsons. 
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Q,  How  was  the  cement  used  for  setting  these  boilers  c 
pounded  ? 

A.  Mastic  cement  proper  for  the  setting  of  boilers  is  sold  i 
many  places  ready  made.     Hamelin's  mastic  is  compounded  i 
follows  ; — To  any  given  weight  of  sand  or  pulverised  earthenwal 
add  Iwo-thirds  such  given  weight  of  powdered  Bath,  Portland,  or.l 
otiier  similar  stone,  and  to  every  j6o  lbs.  weight  of  ihc  niixtuic  add'l 
40  lbs.  weight  of  litharge,  2  lbs.  of  piowdered  glass  or  t]int,  1  lb.  of 
minium,  and  3  lbs.  of  grey  oxide  of  lead ;  pass  the  mixture  through 
a  sieve,  and  keep  it  in  a  powder  for  use.     When  wanted  for  use^  a 
sufficient  quantity  of  the  powder  is  mixed  with  some  vegetable  oil 
upon  a  board  or  in  a  trough  in  the  manner  of  mortar,  in  the  pro- 
portion  of  605  lbs.  of  the  powder  to  5  gallons  of  linseed,  walnut,  or 
pink  oil,  and  the  mixture   is  stirred  and  trodden  upon  until  it 
assumes  the  appearance  of  moistened  sand,  when  it  is  ready  for 
use.     The  cement  should  be  used  on  the  same  day  as  the  oil  is 
added,  else  it  will  set  into  a  solid  mass. 

Q,  What  is  the  best  lengih  of  the  furnaces  of  marine  boilers  ? 

A.  It  has  already  been  stated  that  furnace  bars  should  never 
exceed  five  feet  in  length,  and  are  better  made  shorter,  as  it  is 
difficult  to  manage  long  furnaces.  If  the  furnaces  arc  long  and 
narrow,  it  is  impossible  to  keep  the  bars  covered  with  lire  at  the 
after  end,  especially  upon  long  voyages  and  in  stormy  weather,  and 
air  escapes  into  the  dues  at  the  after  end  of  the  bars,  whereby  ilie 
efficacy  of  the  boiler  is  diminished.  Where  the  bars  are  very  long 
it  will  generally  be  found  that  an  increased  supply  of  steam  and  a 
diminished  consumption  of  coal  ^vilt  be  the  consequence  of  shorten- 
ing them,  and  the  bars  should  always  !ie  with  a  considerable 
inclination  to  facilitate  the  distribution  of  the  fuel  over  the  after 
part  of  the  furnace.  When  there  are  two  lengths  of  bars  in  th^g 
furnace,  it  is  expedient  to  make  the  central  cross  bar  for  bearii 
up  the  ends  double,  and  to  leave  a  space  between  the  ends  of  tl 
bars  so  that  the  ashes  may  fall  through  belween  them.  The  s[ 
thus  left  enables  the  bars  lo  expand  without  injury  on  the  appUcfel 
lion  of  heat,  whereas  without  some  such  pro^'ision  the  bars  a 
very  liable  to  get  burned  out  by  bending  up  in  the  centre,  or  tfcJJ 
the  ends,  as  they  must  do  if  the  elongation  of  the  bars  n 
application  of  heal  be  prevented  ;  and  this  must  be  the  effect  oT 
permitting  the  spaces  at  the  ends  of  the  bars  to  be  tilled  up  with 
ashes.  At  each  end  of  each  bed  of  bars  it  is  expedient  to  leave  k 
space  which  the  ashes  cannot  fill  up  so  as  to  cause  the  bars  to  jam  i 
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and  care  must  be  taken  that  the  heels  of  the  bars  do  not  come 
against  any  of  the  furnace  bearers,  whereby  the  room  left  at  the 
end  of  the  bars  to  permit  the  expansion  would  be  rendered  of  no 
avail. 

Q.  Have  you  any  remarks  to  offer  respecting  the  construction 
and  arrangement  of  the  furnace  bridges  and  dampers  of  marine 
boilers  ? 

A,  The  furnace  bridges  of  marine  boilers  are  walls  or  partitions 

built  up  at  the  ends  of  the  furnaces  to  narrow  the  opening  for  the 

escape  of  heat  into  the  flues.     They  are  either  made  of  fire  brick 

or  of  plate  iron  containing  water :  in  the  case  of  water  bridges,  the 

top  part  of  the  bridge  should  be  made  with  a  large  amount  of  slant 

so  as  to  enable  the  steam  to  escape  freely,  but  notwithstanding  this 

precaution  the  plates  of  water  bridges  are  apt  to  crack  at  the  bend, 

so  that  fire  brick  bridges  appear  on  the  whole  to  be  preferable. 

In  shallow  furnaces  the  bridges  often  come  too  near  the  furnace 

top  to  enable  a  man  to  pass  over  them  ;  and  it  will  save  expense  if 

in  such  bridges  the  upper  portion  is  constructed  of  two  or  three 

fire   blocks,  which  may  be  lifted  off  when  a  person  requires  to 

enter  the  flues  to  sweep  or  repair  them,  whereby  the  perpetual 

demolition  and  reconstruction  of  the  upper  part  of  the  bridge  will 

be  prevented. 

2.  What  is  the  benefit  of  bridges  ? 

A,  Bridges  are  found  in  practice  to  have  a  very  sensible  opera- 
tion in  increasing  the  production  of  steam,  and  in  some  boilers  in 
which  the  brick  bridges  have  been  accidentally  knocked  down  by 
the  firemen,  a  very  considerable  diminution  in  the  supply  of  steam 
has  been  experienced.  Their  chief  operation  seems  to  lie  in  con- 
centrating the  heat  within  the  furnace  to  a  higher  temperature, 
whereby  the  combustion  is  improved,  and  the  heat,  being  greater, 
"s  more  rapidly  transmitted  from  the  furnace  to  the  water,  so  that 
J^s  heat  has  to  be  absorbed  by  the  flues.  In  this  way  the  bridges 
render  the  heating  surface  of  a  boiler  more  effective,  or  enable  a 
smaller  amount  of  heating  surface  to  suflfice. 

2.  Are  the  bridges  behind  the  furnaces  the  only  bridges  used 
in  steam  boilers  1 

A.  In  former  times  it  was  not  an  uncommon  practice  to  place 
a  hanging  bridge,  consisting  of  a  plate  of  iron  descending  a  certain 
distance  into  the  flue,  at  that  part  of  the  flue  where  it  entered  the 
chimney,  whereby  the  stratum  of  hot  air  which  occupied  the  high- 
est part  of  the  flue  was  kept  in  protracted  contact  with  the  boiler, 
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ami  ihe  eotiler  air  occupjing  ihe  lower  part  of  ihe  flue  w, 
which  alone  escaped.  But  this  plan  was  only  applicable  to  flue 
boilers.  In  tubular  boilers  a  hanging  bridge  of  this  kind  is  not 
applicable,  but  in  some  cases  a  perforated  plate  was  placed  against 
the  ends  of  the  tubes,  which  was  made  to  operate  as  a  sliding  damper 
which  partially  or  totally  closed  up  the  end  of  every  tube,  and  at 
other  times  a  damper  constructed  in  the  manner  of  a  Venetian  blind 
was  employed  in  the  same  situation.  These  varieties  of  damper, 
however,  have  only  yet  been  used  in  locomotive  boilera,  and 
ihem  only  lo  a  very  limited  extent  But  they  are  applicable 
tubular  boilers  of  every  description. 

Q.  Is  it  a  benefit  tu  keep  the  flues  or  tubes  appertaining  to  ea 
furnace  distinct? 

A.  It)  a  llue  boiler  this  c.innot  be  done,  but  in  a  tubular  boiler 
il  is  an  advantage  that  there  should  be  a  division  between  the  tubes 
pertaining  to  each  furnace,  so  that  the  smoke  of  each  furnace  may 
be  kept  apart  from  the  smoke  of  the  furnace  adjoining  it  until  the 
smoke  of  both  enters  the  chimney,  as  by  this  arrangement  a  ftir- 
nace  only  will  be  rendered  inoperative  in  cleaning  the  fires  instead  of 
a  boiler,  and  the  lubes  belonging  to  one  furnace  may  be  s\\*ept  if 
necessary  at  sea  without  interfering  injuriously  with  the  action  of  the 
rest.  But  in  the  cylindrical  marine  boilers  now  in  common  use  this 
separation  cannot  be  easily  made,  and  is  seldom  carried  out.  In  a 
steam  vessel  it  is  necessary  at  intervals  to  empiy  out  one  or  moie 
furnaces  every  watch  to  get  rid  of  the  clinkers  which  would  iiihet- 
wise  accumulate  in  ihem  ;  and  it  is  advisable  that  (he 
between  Ihe  furnaces  should  be  stich  that  this  operation, 
being  performed  on  one  furnace,  shall  injure  the  action  of  ihe 
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as  little  as  possible. 

Q.  Can  any  < 
furnaces  and  tube  plate 
intensity  of  the  heat  ? 
,  The  sides  of  the  i 


precautions  be  taken  to  prevent  (I 
of  the  boiler  from  being  burned  by  ll 
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i1  furnaces  or  flues  in  all  reciangv 
boilers  should  be  so  constructed  that  the  steam  may  readily  esc 
from  iheir  vertical  surfaces,  with  which  view  it  is  expedtc 
make  the  bottom  of  the  flue  somewhat  wider  than  the  tof^  I 
slightly  conical  in  the  cross  section  ;  and  the  Upper  plates  stiogM 
always  be  overlapped  by  the  plates  beneath,  so  that  the  slcam 
cannot  be  retained  in  the  o\'erlap,  but  will  escape  as  soon  ns  it  is 
generated.  If  the  sides  of  the  furnace  be  made  high  and  perfectly 
vertical,  they  will  speedily  be  bucljlcd  and  cracked  by  the  heat,  a 
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a  film  of  steam  in  such  a  case  will  remain  in  contact  with  the  iron, 
which  will  prevent  the  access  of  the  water,  and  the  iron  of  the 
boiler  will  be  injured  by  the  high  temperature  it  must  in  that  case 
acquire.     oT  moderate  the  intensity  of  the  heat  acting  upon  the 
^mace  sides,  it  is  expedient  to  bring  the  outside  fire-bars  into  close 
contact  with  the  sides  of  the  furnace,  so  as  to  prevent  the  entrance 
of  air  through  the  fire  in  that  situation,  by  which  the  intensity  of 
the  heat  would  be  increased.     The  tube  plate  nearest  the  furnace 
in  tubular  boilers  should  also  be  so  inclined  as  to  facilitate  the 
escape  of  the  steam  ;  and  the  short,  bent  plate  or  flange  of  the 
tube  plate,  connecting  the  tube  plate  with  the  top  of  the  furnace, 
should  be  made  with  a  gradual  bend,  as,  if  the  bend  be  sudden, 
the  iron  will  be  apt  to  crack  or  burn  away  from  the  concretion  of 
salt,  should  sea  water  be  at  any  time  necessar>%  as  may  sometimes 
happen,  even  in  vessels  fitted  with  surface  condensers. 
Q.  In  what  manner  is  the  tubing  of  boilers  performed  ? 
A.  The  tubes  of  marine  boilers  are  generally  iron  tubes,  three 
inches  in  diameter,  and  between  five  and  seven  feet  long  ;  but 
sometimes  brass  tubes  of  similar  dimensions  are  employed.    When 
brass  tubes  are  employed  the  use  of  ferules  driven  into  the  ends  of 
the  tubes  is  sometimes  employed  to  keep  them  tight  ;  but  when 
the  tubes  are  of  malleable  iron,  of  the  thickness  of  Russell's  boiler 
^ubes,  they  may  be  made  tight  merely  by  driving  them  firmly  into 
Ae  tube  plates,  and  then  widening  them  by  an  e.xpanding  man- 
dril.   The  same  may  be  done  with  thick  brass  tubes.     The  holes 
^n  the  tube  plate   next  the  front  of  the  boiler  are  just  sensibly 
'^ger  in  diameter  than  the  holes  in  the  other  tube  plate,  and  the 
"^les  upon  the  outer  surfaces  of  both  tube  plates  are  very  slightly 
countersunk.     The  whole  of  the  tubes  are  driven  through  both 
tube  plates  from  the  front  of  the  boiler, — the  precaution,  however, 
"^^ngtaken  to  drive  them  in  gently  at  first  with  a  light  hand  hammer, 
^'^til  the  whole  of  the  tubes  have  been  inserted  to  an  equal  depth, 
^^  then  they  may  be  driven  up  by  degrees  with  a  heavy  hammer, 
*^nereby  any  distortion  of  the  holes  from  unequal  driving  will  be 
P^vented.   Finally,  the  ends  of  the  tubes  should  be  riveted  up  so  as 
^ofill  the  countersink.   The  tubes  should  be  left  a  little  longer  than 
the  distance  between  the  outer  surfaces  of  the  tube  plates,  so  that 
fie  countersink  at  the  ends  m.iy  be  filled  by  staving  up  the  end  of 
the  tube  rather  than  by  riveting  it  over ;  and  the  staving  will  be 
best  accompHshcd  by  means  of  a  mandril  with  a  collar  upon  it, 
which  is  driven  into  the  tube  so  that  the  collar  rests  upon  the  end 
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of  the  tube  to  be  riveted  ;  or  a  tool  like  a  blum  chisel  with  a 
in  its  point  may  be  used,  as  is  often  done. 

Q.  Sliould  not  stays  be  introduced  in  substitution  of 
the  tubes  ? 

A.  It  appears  expcdieni  in  all  cases  that  some  of  the  tul 
should  be  screwed  at  the  ends,  so  as  to  serve  as  slays  if  [he  i 
ing  at  the  tube  ends  happens  to  be  burned  away,  and  al< 
act  as  abutments  lo  the  riveted  tube.  These  slay  tubes  shoul 
have  nuts  at  each  end,  both  within  and  without  the  tube  plates. 
which  nuts  should  be  screwed  up,  with  white  lead  interposed. 
before  the  other  tubes  are  inserted.  The  nuts  should  be  fitted  very 
accurately  to  the  tube  plate  by  filing'  and  scraping  before  the  white 
lead  is  introduced,  as,  if  this  be  omitted,  ihey  will  be  sure  10  leak. 
If  (he  lubes  are  long,  their  expansion  when  the  boiler  is  being 
blown  off  will  be  apt  to  start  them  at  the  ends,  unless  very  securely 
fixed  ;  and  it  is  difficult  to  prevent  brass  tubes  of  large  diameter 
and  proportionate  length  from  being  staned  at  the  ends,  even 
when  secured  by  ferules  ;  but  the  brass  lubes  comnonly  employed 
are  so  small  as  to  be  susceptible  of  sufficient  compression  endways 
by  the  adhesion  due  to  the  ferules  to  compensate  for  the  expansion, 
whereby  Ihey  are  prevented  from  starting  at  the  ends.  In  some  of 
the  early  marine  boilers  fitted  with  brass  tubes,  a  galvanic  anion 
at  the  ends  of  the  tubes  was  found  to  lake  place,  and  the  iron  of 
the  lube  plates  was  wasted  away  in  consequence  with  rapidity:  but 
further  experience  proved  the  injury  lo  be  attributable  chiefly  to 
imperfect  filling,  whereby  a  leakage  was  caused  that  induced  oxida- 
tion. When  the  tubes  were  well  fitted  any  injurious  action  at  (he 
ends  was  found  to  cease. 

Q.  What  is  the  best  mode  of  constructing  the  chimney  and  the 
parts  in  connection  iherewilh  ?  ~ 

A.  In  sea-going  steamers  the  funnel  plates  are  usually  al 
nine  feel  long  and  ^^i  thick  ;  and  where  different  flues  or  boi 
have  their  debouch  in  the  same  chimney,  it  is  expedi 
division  plates  up  the  chimney  for  a  considerable  distance,  to 
the  draughts  distinct.  The  waste  steam  pipe  should  be  of 
same  height  as  the  funnel,  so  as  lo  carry  the  waste  steam  cleftr 
it,  for  if  the  waste  steam  strikes  the  funnel  it  will 
into  holes;  and  the  waste  steam  pipe  should  be  made  »t  tlic 
botUim  with  a  faucett  joint,  to  prevent  Ihe  working  of  the  funnel 
when  the  vessel  rolls,  from  breaking  the  pipe  at  the  neck.  There 
should  be  iwo  hoops  round  the  funnel,  for  the  aiiachment  of  itie 
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funnel  shrouds,  instead  of  one,  so  that  the  funnel  may  not  be 
carried  overboard  if  one  hoop  breaks,  or  if  the  funnel  breaks  at  the 
upper  hoop  frotn  the  corrosive  action  of  the  waste  steam,  as  some- 
times happens.  The  deck  over  the  steam  chest  should  be  formed 
of  an  iron  plate  supported  by  angle  iron  beams,  and  there  should 
be  a  high  angle  iron  cooming  round  the  hole  in  the  deck  through 
which  the  chimney  ascends,  to  prevent  any  water  upon  the  deck 
from  leaking  down  upon  the  boiler.  Around  the  lower  part  of  the 
funnel  there  should  be  a  sheet  iron  casing  to  prevent  any  ineon- 
venient  dispersion  of  heal  in  thai  situation,  and  another  short  piece 
of  casing,  of  a  somewhat  larger  diameter  and  riveted  to  the  chim- 
ney, should  descend  for  a  short  distance  over  the  first  casing,  so  as 
to  prevent  the  rain  or  spray  which  may  beat  against  the  chimney 
ftom  being  poured  down  within  the  casing  upon  the  tcp  of  the 
boiler.  The  pipe  for  conducting  away  the  waste  water  from  the 
top  of  the  safety-valve  should  lead  overboard,  and  not  into  the 
bilge  of  the  ship,  as  inconvenience  arises  from  the  steam  occasion- 
ally passing  through  It,  if  it  has  its  termination  in  the  engine  room. 
But  the  precautions  to  be  taken  against  waste  steam 
necessary  than  formerly,  as  with  sur- 
face condensers  there  should  be  no 
waste  steam,  as  a  waste  of  steam 
icnplies  a  waste  of  water. 

Q,  Are  not  the  chimneys  of  some 

vessels   made   so   that   they   may   be 

lowered  when  required  ? 

A.   The  chimneys  of  small   river 

^Bsels   which    have    to    pass    under 

Wges  are  generally  farmed  with  a 

•""ge,  so  that  Ihey  may  be  lowered 

Wiwards    when    passing    under    a 

'^V  ;    and  the  chimneys   of  so 

screw  vessels  are  made  so  as  to  shut 

'^  like  a  spyglass  when  the  fires 

put  out  and  the  vessel  is  navigated 

"Oder  sails.     A  very  good  example  of  "  ^^^^ 

Ikii  species   of  chimney   is   that   de-      pij.  S7.-T.I0.Bp.  chim«y. 

signed  by  Mr.  Taplln  and  represented 

in  fig.  87.      in  smaller  vessels,  however,  two  lengths  of  chimney 

suffice ;  and  in  that  case  there  is  a  standing  piece  on  deck,  which 
fiowever,  does  not  project  above  the  bulw^ks. 
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Q.  Will  you  explain  any  further  details  in  the  construction 
marine  boilers  which  occur  to  you  as  important  ? 

A.  The  man-hole  and  mud-hoie  doors,  unless  put  on  fmm 
outside  like  a  cylinder  cover  with  a.  great  number  of  bolts,  shi 
be  put  on  from  the  inside  with  cross  bars  on  the  outside,  and  the 
bolts  should  be  strong,  and  have  coarse  threads  and  square  nuts  so 
that  the  threads  may  not  be  overrun,  nor  the  nuts  become  round, 
by  the  unskilful  manipulations  of  the  liremcn,  by  whom  these  doors 
are  removed  or  replaced.  It  is  I'ery  expedient  that  sufficient  space 
should  be  left  between  the  furnace  and  the  tubes  in  alt  tubular 
boilers  to  permit  a  boy  to  go  in  to  dear  away  any  scale  that  may 
have  formed,  and  to  hold  on  the  rivets  in  the  event  of  repair  being 
wanted  ;  and  it  is  also  expedient  that  a  vertical  row  of  tubes  should 
be  left  out  opposite  to  each  water  space  to  allow  the  ascent  of  the 
steam  and  the  descent  of  the  water,  as  it  has  been  found  that  the 
removal  of  the  tubes  in  that  posilion,  even  in  a  boiler  with  deficient 
heating  surface,  has  increased  the  production  of  steam,  and  dimin- 
ished the  consumption  of  fuel.  The  tubes  should  all  be  kept  in  the 
same  vertical  line,  so  as  to  permit  the  introduction  of 
lo  scrape  them  ;  and  the  tubes  should  not  be  placed  too  close 
gether,  else  their  heating  efficacy  will  be  impaired. 

INCRUSTATION  AND  CORROSION  OF  BOILERS. 

Q.  What  is  the  cause  of  the  formation  of  scale  in 
boilers  ? 

j4.  Scale  is  formed  in  all  boilers  which  contain  earthy  o 
matters,  just  in  the  way  in  which  a  stony  deposit,  or  rock,  as  it  9 
sometimes  termed,  is  formed  in  a  tea-kettle.  In  sea-water  the  d  ' 
ingredient  is  common  salt,  which  exists  in  solution  ; 
mitted  to  the  boiler  is  taken  away  in  the  shape  of  steam,  and  t 
saline  matter  which  is  not  vapourisable  would,  if  the  pro 
were  continued,  accumulate  in  lime  in  the  boiler,  until  ii 
became  so  great  that  the  water  would  be  satuialcd,  or  unable  Ii 
hold  any  more  in  solution.  The  salt  would  then  be  precipitate^} 
and  form  a  deposit  which  hardens  by  heaL  The  formation  <rf  scale, 
therefore,  is  similar  to  the  process  of  making  salt  from  sca-watcr  by 
evaporation,  the  boiler  being,  in  fact,  a  large  sail  pan. 

Q.  But  is  the  scale  soluble  in  fresh  water  like  the  salt  in  a  salt 
pan? 

A.  No  it  is  not ;  or,  if  soluble  ai  all  is  only  so  to  a  ver^-  limi;cJ 
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extent  The  several  ingredients  in  sea-water  begin  to  be  precipi- 
tated from  solution  at  different  degrees  of  concentration  ;  and  the 
sulphate  and  carbonate  of  lime,  which  begin  to  be  precipitated 
when  a  certain  state  of  concentration  is  reached,  enter  largely  into 
the  composition  of  scale,  and  give  it  its  insoluble  character.  Pieces 
of  waste  or  other  similar  objects  left  within  a  marine  boiler  appear, 
when  taken  out,  as  if  they  had  been  petrified  ;  and  the  scale  de- 
p>osited  upon  the  flues  of  a  marine  boiler  using  salt  water  resembles 
layers  of  stone. 

Q.  Is  much  inconvenience  experienced  in  marine  boilers  from 
these  incrustations  upon  the  flues  ? 

A.  Incrustation  in  boilers  at  one  time  caused  much  more  per- 
plexity than  it  does  at  present,  as  it  was  supposed  that  in  some  seas 
it  was  impossible  to  prevent  the  boilers  of  a  steamer  from  becom- 
ing salted  up  ;  but  it  has  now  been  satisfactorily  ascertained  that 
there  is  very  little  difference  in  the  saltness  of  different  seas,  and 
that,  however  salt  the  water  may  be,  low-pressure  boilers  will  be 
preserved  from  any  injurious  amount  of  incrustation  by  blowing  off 
very  frequently,  or  by  permitting  a  considerable  portion  of  the  super- 
salted  water  to  escape  at  short  intervals  into  the  sea.     If  blowing 
off  be  sufficiently  practised,  the  scale  upon  the  flues  will  never  be 
n^uch  thicker  than  a  sheet  of  writing  paper,  and  no  excuse  should 
^  accepted  from  engineers  for  peniiitting  a  low-pressure  boiler  to 
^  damaged  by  the  accumulation  of  calcareous  deposit. 

2-  What  is  the  temperature  at  which  sea-water  boils  in  a  steam 
boiler? 

A,  Sea-water  contains  about  3'3rd  its  weight  of  salt,  and  in  the 

'^Pcnair  it  boils  at  the  temperature  of  213*2®;  if  the  proportion  of 

^t  be  increased  to  j^jrds  of  the  weight  of  the  water,  the  boiling  point 

^  nse  to  214*4*'  >  with  sV^^  °^  ^^^^  ^^^  boiling  point  will  be  21 5*5** ; 

i\"is,2i67°;  ^rds,  217*9°;  sV^s,  219'';  l^xAs,  220*2°;  sVds, 22 1 -4° ; 

ftrds,  222*5® ;  si**^^  223*7® ;  J^rds,  224*9° ;  and  "rds,  which  is  the 

point  of  saturation,  226®.     In  a  steam  boiler  the  boiling  points  of 

*atcr  containing  these  proportions  of  salt  must  be  higher,  as  the 

^evation  of  temperature  due  to  the  pressure  of  the  steam  has  to  be 

3dded  to  that  due  to  the  saltness  of  the  water  :  the  temperature  of 

steam  at  the  atmospheric  pressure  being  212°,  its  temperature,  at 

a  pressure  of  1 5  lbs.  *per  square  inch  above  the  atmosphere,  will  be 

250°  and  adding  to  this  4*7°  as  the  increased  temperature  due  to 

the  saltness  of  the  water  when  it  contains  /^rds  of  salt,  we  have 

2547®  as  the  temperature  of  the  water  in  the  boiler,  when  it  con- 
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tains  /jfds  of  sa.1t  and  the  pressure  of  the  sieam  is  t;  lbs.  on  (be 
square  inch. 

g.  What  degree  of  concentration  of  the  sail  water  may  be  safely 
permitted  in  a  low-pressure  boiler? 

A.  Il  is  found  by  experience  thai  when  the  concentration  of! 
salt  water  in  a  boiler  is  prevented  from  exceeding  thai  point 
which  it  contains  s'.rds  its  weight  of  salt,  no  injurious  in< 
will  take  place,  and  as  sea-water  contains  only  jjrd  of  its  weight  of 
salt,  it  is  clear  that  it  must  be  reduced  by  evaporation  to  one-half 
of  its  bulk  before  it  can  conlain  j'jtds  of  salt  ;  or,  in  other  w  ords,  a 
boiler  must  blow  out  into  the  sea  one-half  of  the  water  it  reccivesas 
feed,  in  order  to  prevent  the  water  from  rising  above  ijFds  of  con- 
centration, or  8  ounces  of  salt  to  the  gallon. 

Q.  How  do  you  determine  8  ounces  to  the  gallon  to  be  equiva- 
lent to  twice  the  density  of  salt  water,  or  '  two  salt  waters,'  as  it  is 
sometimes  called  ? 

A.  The  density  of  the  water  of  different  seas  \-aries  somewhat. 
A  gallon  of  fresh  water  weighs  lo  lbs. ;  a  gallon  of  sail  water  from 
Ihe  Baltic  weighs  10M5  lbs. ;  a  gallon  of  salt  water  from  the  Iri^h 
Chamiel  weighs  10-2S  lbs.  ;  and  a  gallon  of  salt  water  from  the 
Mediterranean  io'29  lbs.  If  we  take  an  average  sallness  repre- 
sented by  a  weight  of  10*25  '^s.,  then  a  gallon  of  naier  concentrated 
lo  twice  this  saltness  will  weigh  io'5  lbs.,  or  the  salt  in  it  will  weigh 
■5  lbs.  or  8  01.,  which  is  the  proportion  of  8  oz.  to  the  gallon.  How- 
ever, the  proportion  of  jjrds  gives  a  greater  proportion  than  8  ot 
lo  the  gallon,  for  ^"jo  nearly,  and  ^-^  of  10  lbs.  =  10  07.  By  keep- 
ing the  density  of  the  water  in  a  marine  boiler  at  the  proportion  cif 
8  or  10  oi.  lo  the  gallon,  no  inconvenient  amount  of  scale  will  be 
deposited  on  the  flues  or  tubes,  provided  the  boiler  is  a  low-pressuie 
one.  But  if  the  pressure  exceeds  40  lbs.  per  square  inch  no  amount 
of  blowing  off  will  keep  the  boiler  free  from  scale.  The  bulk  of 
water,  it  may  be  remarked,  is  not  increased  by  putting  salt  in  it  up 
to  the  point  of  saturation,  but  only  its  density  is  increased. 

Q.  Is  there  not  a  great  loss  of  heat  by  blowing-off  so  large  a 
proportion  of  the  healed  water  from  ihe  boiler? 

A.  The  loss  is  not  ver>-  great.  Low-pressure  boilers  are  sotne- 
times  worked  at  a  saltness  of  *jrds,  and  taking  this  saltness  and  snp- 
posing  the  latent  heat  of  sicam  to  be  at  1,000°  at  the  temperature 
of  212°,  and  reckoning  the  sum  of  the  latent  and  sensible  heals  ^ 
forming  a  constant  quantity,  the  latent  heat  of  steam  at  the  lun- 
peralure  of  ^so"  will  be  962°,  and  the  total  heat  of  the  steam  will 
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be  1,212°  in  the  case  of  fresh  water  ;  but  as  the  feed  water  is  sent 
into  the  boiler  at  the  temperature  of  100®,  the  accession  of  heat  it 
receives  from  the  fuel  will  be  1,1 12°  in  the  case  of  fresh  water,  or 
1,112®  increased  by  2*23°  in  the  case  of  water  containing  3*3rds  of 
salt — 2*23  being  the  470°  increase  of  temperature  due  to  the  pre- 
sence of  53rds  of  salt,  multiplied  by  047  5,  the  specific  heat  of  steam. 
This  makes  the  total  accession  of  heat  received  by  the  steam  in  the 
boiler  equal  to  1,1 14*23°,  or  say  1,114°,  which  multiplied  by  3,  as  3 
parts  of  the  water  are  raised  into  steam,  gives  us  3,342°  for  the  heat 
in  the  steam,  while  the  accession  of  heat  received  in  the  boiler  by 
the  I  part  of  residual  brine  will  be  1547°,  multiplied  by  085,  the 
specific   heat  of  the  brine,  or  130-495°  ;  and   3,342°  divided  by 
130-49$°  is  about  a^jth.     It  appears,  therefore,  that  by  blowing-off 
the  boiler  to  such  an  extent  that  the  saltness  shall  not  rise  above 
what  answers  to  j^rds  of  salt,  about  l^\\i  of  the  heat  is  blown  into 
the  sea.     This  is  but  a  small  proportion  ;  and  as  there  will  be  a 
greater  waste  of  heat,  if  from  the  existence  of  scale  upon  the  flues 
the  heat  can  be  only  imperfectly  transmitted  to  the  water,  there 
cannot  be  even  an  economy  of  fuel  in  niggard  blowing-off,  while  it 
involves  the  introduction  of  other  evils.    The  proportion  of  5*3 rds  of 
saltness,  however,  or  16  oz.  to  the  gallon,  is  larger  than  is  advisable, 
however  low  the  pressure,  especially  as  it  is  difficult  to  keep  the 
saltness  at  a  perfectly  uniform  point,  and  the  working  point  should, 
therefore,  be  j'^rds,  as  before  prescribed. 

Q.  Have  no  means  been  devised  for  turning  to  account  the  heat 
Contained  in  the  brine  which  is  expelled  from  the  boiler  ? 

A.  To  save  a  part  of  the  heat  lost  by  the  operation  of  blowing- 
^  the  hot  brine  is  sometimes  passed  through  a  number  of  small 
^bcs  surrounded  by  the  feed  water  ;  but  there  is  no  very  great 
^ain  fi-om  the  use  of  such  apparatus,  and  the  tubes  are  apt  to  be- 
come choked  up,  whereby  the  safety  of  the  boiler  may  be  endan- 
gered by  the  injurious  concentration  of  its   contents.     Pumps, 
forked  by  the  engine  for  the  extraction  of  the  brine,  are  generally 
^^scd  in  connection  with  the  small  tubes  for  the  extraction  of  the 
*^«at  from  the  supersalted  water ;  and  if  the  tubes  become  choked 
^e  pumps  will  cease  to  eject  the  water,  while  the  engineer  may  con- 
^der  them  to  be  all  the  while  in  operation. 

Q.  What  is  the  usual  mode  of  blowing-off  the  supersalted  water 
fom  the  boiler  ? 

A.  The  general  mode  of  blowing-off  the  boiler  is  to  allow  the 
tater  to  rise  gradually  for  an  hour  or  two  up  to  the  highest  working 
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level,  and  then  Co  open  the  cock  communicating  with  the  s 
keep  il  open  until  the  surface  ofthe  water  within  the  boiler  ha 
several  inches  ;  but  in  some  cases  a  cock  o[  smaller  size  is  allowed  to 
run  water  continuously,  and  in  other  cases  brine  pumps  arc  used  as 
already  mentioned.  In  every  case  in  which  the  supersalled  water 
is  discharged  from  the  boiler  in  a  continuous  stream,  a  hydrameier 
or  salt  gauge  of  some  convenient  construction  should  be  applied  to 
the  boiler,  so  that  the  density  of  ihe  water  may  at  all  times  be 
visible,  and  immediate  notice  be  given  of  any  interruption  of  the 
operation.  Various  contrivances  have  been  devised  for  this  pur- 
pose, the  most  of  which  operate  on  the  principle  of  a  hydrometer. 
Another  device  would  be  [hat  of  a  ditferential  steam  gauge,  whicb 
would  indicate  the  difference  of  pressure  between  the  steam  in  t))^l 
boiler  and  ihe  steam  of  a  small  quantity  of  fresh  water  enclosed  i^| 
a  suitable  vessel,  and  immerged  in  the  water  ofthe  boiler.  fl 

Q.  What  is  the  advantage  of  blowing  off  from  the  surface  of  th^^ 
water  in  the  boiler? 

A.  Blowing-ofF  from  a  point  near  the  surface  of  the  water  is 
more  beneficial  than  blowing  off  from  the  bottom  of  the  boiler. 
Solid  particles  of  any  kind,  it  is  well  known,  if  introduced  into 
boiling  water,  will  lower  the  boiling  point  in  a  slight  degree,  and 
the  steam  will  chiefly  be  generated  on  the  surface  of  ihe  particles, 
and  indeed  will  have  the  appearance  of  coming  out  of  Ihcm.  If 
the  panicles  be  small,  the  steam  generated  beneath  and  around 
them  will  balloon  [hem  to  Ihe  surface  of  the  water,  where  ibe  steam 
will  be  liberated  and  the  particles  will  descend ;  and  the  impalpable 
particles  in  a  marine  boiler,  whicb  by  ihcir  subsidence  upon  ihe 
flues  concrete  into  scale,  are  carried  in  the  first  instance  to  the 
surface  of  the  water,  so  that  if  Ihey  be  caught  there  and  ejected 
from  the  boiler,  the  formation  of  scale  will  be  prevented. 

Q.  Are  there  any  plans  in  operation  for  taking  advantage  of 
this  property  of  particles  rising  to  the  surface? 

A.  In  some  boilers  sheet  iron  vessels,  called  sediment  collectors, 
are  employed,  which  collect  into  them  the  impalpable  matter. 
of  these  vessels,  of  about  ihc  si;e  and  shape  of  a  loaf  of  stignr,! 
put  into  each  boiler  with  the  apex  of  the  cone  turned  downwi 

into  a  pipe  leading  overboard,  for  conducting  the  sediment  s       

from  the  boiler.    The  base  ofthe  cone  stands  some  distance  above 
the  water  line,  and  in  its  sides  conical  slits  are  cut,  so  a; 
establish  a  free  communication  between  the  water  within  the  ci 
cal  vessel  and  the  water  outside  it.     The  particles  of  siony  mat 
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which  are  ballooned  to  the  surface  by  the  steam  in  every  other 
part  of  the  boiler,  subside  within  the  cone,  where,  no  steam  being 
generated,  the  water  is  consequently  tranquil ;  and  the  deposit  is 
discharged  overboard  by  means  of  a  pipe  communicating  with  the 
sea.  By  blowing-off  from  the  surface  of  the  water,  the  requisite 
cleansing  action  is  obtained  with  less  waste  of  heat ;  and  where 
the  water  is  muddy,  the  foam  upon  the  surface  of  the  water  is 
ejected  from  the  boiler,  thereby  removing  one  of  the  chief  causes 
of  priming. 

^  What  is  the  cause  of  the  rapid  corrosion  of  marine  boilers  ? 

A,  Marine  boilers  were  formerly  corroded  externally  in   the 

region  of  the  steam  chest  by  the  dripping  of  water  from  the  deck, 

which  being  of  wood,  it  was  difficult  to  keep  tight  when  exposed 

to  the  heat  of  the  boiler  ;  the  bottom  of  the  boiler  is  corroded  by 

the  action  of  the  bilge  water,  and  the  ash-pits  by  the  practice  of 

quenching  the  ashes  with  salt  water.     These  sources  of  injury, 

however,  admit  of  easy  remedy. 

2.  Are  not  marine  boilers  subject  to  internal  corrosion  ? 
A,  Yes ;  the  greatest  part  of  the  corrosion  of  a  boiler  takes 
place  in  the  inside,  and  in  the  boilers  which  were  in  use  when  the 
first  edition  of  this  work  appeared,  the  chief  seat  of  such  corrosion 
^asthe  interior  of  the  steam  chest.   The  origin  of  this  corrosion  was 
^licn  one  of  the  obscurest  subjects  in  the  whole  range  of  engineer- 
ii^g.    It  could  not  be  from  the  chemical  action  of  the  salt  water 
opon  the  iron,  for  the  flues  and  other  parts  of  the  boiler  beneath 
^e  water  suffered  very  little  from  corrosion  ;  and  in  steam  vessels 
Provided  with  HalPs  condensers,  which  supplied  the  boiler  with 
^h  water,  not  much  increased  durability  of  the  boiler  was  ex- 
perienced.   Nevertheless,  at  that  time  marine  boilers  seldom  lasted 
®ore  than  for  five  or  six  years,  whereas  land  boilers  made  of  the 
saroe  quality  of  iron  often  lasted  eighteen  or  twenty  years,  and  it 
^  not  appear  probable  that  land  boilers  would  last  a  very  much 
shorter  time  if  salt  water  were  used  in  them.    The  thin  film  of 
^e  spread  over  the  parts  of  a  marine  boiler  situated  beneath  the 
*atcr  effectually  protected  them  from  corrosion  ;   and  when  the 
other  parts  were  completely  worn  out  the  flues  generally  remained 
so  perfect,  that  the  hammer-marks  upon  them  were  as  conspicuous 
as  at  their  first  formation.   The  operation  of  the  steam  in  corroding 
the  interior  of  the  boiler  was  most  capricious,  the  parts  which  were 
most  rapidly  worn  away  in  one  boiler  being  untouched  in  another ; 
and  in  some  cases  one  side  of  a  steam  chest  was  very  much  wasted 
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away,  uhilc  the  opposite  side  remained  uninjured.  Sometime*' 
the  iron  exfoliated  in  the  shape  of  a.  black  oxide  which  came  away 
in  flakes  like  the  leaves  of  a  book,  while  in  other  cases  the  iron 
appeared  as  if  eaten  away  by  a  strong  acid  which  had  a  solvent 
action  upon  il.  The  application  of  felt  to  the  outside  of  a  boiler 
faad  in  several  cases  been  found  to  accelerate  sensibly  its  internal 
corrosiou.  Hollers  in  which  there  was  a  large  accumulation  of 
scale  appeared  to  be  more  corroded  than  where  there  was  no  such 
deposit  ;  and  where  the  funnel  passed  through  the  steam  chest, the 
iron  of  the  steam  chest  was  invariably  much  more  corroded  than 
where  the  funnel  did  not  pass  through  il. 

Q.  Could  you  suggest  no  reason  for  the  rapid  internal  corrosion 
of  marine  boilers? 

A.  The  fads  which  I  have  enumerated  appeared  to  indicate  that 
the  internal  corrosion  of  the  marine  boilers  of  that  day  was  attri- 
butable chiefly  to  the  existence  of  superheated  steam  within  them, 
which  is  steam  to  which  an  additional  quantity  of  heat  has  been 
communicated  subsequently  to  its  generation,  so  Ibat  its  tempera- 
ture is  greater  than  is  due  to  its  elastic  force  ;  and  on  this  hypo-  , 
thesis  the  obseri'ed  facts  relative  to  corrosion  became  explicaU 
Felt,  applied  to  the  outside  of  a  boiler,  accelerated  il 
corrosion  by  keeping  the  sream  in  a  surcharged  state,  uhen  by  tl 
dispersion  of  a  part  of  the  heat  it  would  cease  to  be  in  that  si 
boilers  in  which  there  was  a  large  accumulation  of  scale  must  hate 
worked  with  the  water  lery  salt,  which  necessarily  produced  sur — 
charged  steam  ;  for  ihe  temperature  of  steam  cannot  be  less  tbur^ 
that  of  the  water  from  which  it  is  generated,  and  inasmuch  as  tk^s 
boiling  point  of  water  under  any  given  pressure  rises  with  tlm^ 
sallness  of  the  water,  the  temperature  of  the  steam  must  rise  •ricTi 
the  saltness  of  ihe  water,  the  pressure  remaining  the  same ;  or,  i  •: 
other  words,  the  steam  must  have  had  a  higher  temperature  ih-' 
was  due  to  its  elastic  force,  or  have  been  in  the  slate  of  surchar^t 
steam.    The  circumstance  of  the  chimney  passing  through  ifi 
steam  will  manifestly  surcharge  the  steam  with  heat,  so  that  *f' 
the  circumstances  which  were  found  to  accelerate  corrosion  were.*'     I 
appeared,  such  as  would  also  induce  the  formation  of  surchars*^     I 

Q.  Is  it  the  natural  effect  of  surcharged  steam  to  waste  awv 

A.  Tt  is  the  natural  effect  of  surcharced  steam  to  oxidflie  the 

iron  with  which  it  is  m  contact,  a::  is  illusiiaicd  by  the  funilut 
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process  for  making  hydrogen  gas  by  sending  steam  through  a  red 

hot  tube  filled  with  pieces  of  iron  ;  and  although  the  action  of  the 

surcharged  steam  in  a  boiler  is  necessarily  very  much  weaker  than 

where  the  iron  is  red  hot,  it  manifestly  must  have  some  oxidising 

effect,  and  the  amount  of  corrosion  produced  may  be  very  material 

where  the  action   is  perpetual.     Boilers  with  a  large  extent  of 

heating  surface,  or  with  descending  flues  circulating  through  the 

cooler  water  in  the  bottom  of  the  boiler  beiore  ascending  the 

chimney,  will  be  less  corroded  internally  than  boilers  in  which  a 

large  quantity  of  the  heat  passes  away  in  the  smoke  ;  and  the 

corrosion  of  the  boiler  will  be  diminished  if  the  interior  of  any 

flue  passing  through  the  steam  be  lined  with  fire  brick,  so  as  to 

prevent  the  transmission  of  the  heat  in  that  situation.     The  best 

practice,  however,  appears  to  consist  in  the  transmission  of  the 

smoke  through  a  suitable  passage  on  the  outside  of  the  boiler,  so 

as  to  supersede  the  necessity  of  carrying  any  flue  through  the 

steam  at  all.     It  was  consequently  suggested  in  the  early  editions 

of  this  work  that  the  practice  of  carrying  the  chimney  through  the 

sieam  chest,  as  was  then  the  usual  mode,  should  be  abandoned, 

and  this  has  now  been  universally  done. 

Q,  But  does  not  internal  corrosion  still  occur  in  marine  boilers, 
even  when  fed  by  fresh  water  obtained  by  surface  condensation  ? 

A,  It  does.  But  it  occurs  in  a  different  situation  and  from  a 
totally  different  cause  from  that  just  defined.  Formerly  the  internal 
corrosion  was  wholly  above  the  water,  now  it  is  wholly  beneath  it. 
formerly  the  source  of  injury  lay  in  the  corrosive  action  of  the 
steam ;  now  it  lies  in  the  corrosive  action  of  the  water. 

Q.  What,  then,  is  the  cause  of  this  corrosive  action  ?  Is  not 
tlie boiler  now  fed  with  distilled  water.?  and  is  not  distilled  water 
Ptire  and  free  from  corrosive  activity  ? 

A.  To  this  I  answer  that,  although  the  boiler  is  fed  with  dis- 
tilled water,  it  does  not  follow,  nor  is  it  the  case,  that  this  water  is 
pore,  seeing  that  it  is  contaminated  by  the  oil  employed  for  the 
lubrication  of  the  pistons.  This  oil  comes  over  to  some  extent 
^Ih  the  water,  and  many  kinds  of  this  oil  generate  an  acid  within 
the  boiler,  which  attacks  and  pits  the  iron.  Moreover,  it  is  not  to 
be  assumed  that  pure  water  is  necessarily  devoid  of  all  corrosive 
^tivity,  as  it  is  well  known  that  pure  water  will  attack  lead  pipes, 
and  the  purer  the  water  the  more  active  the  corrosion.  In  the 
case  of  iron,  however,  this  action  does  not  take  place. 

i2.  What,  then,  is  the  proper  remedy  for  this  internal  corrosion  ? 
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A.  The  first  indication  is  to  use  an  oil  which  will  not  general* 
an  acid.    The  second  is  to  neutralise  such  acid  as  may  be  fom 
by  a  suitable  alkali ;  and  the  last  is  to  provide  ibat  such  oxidaiiod 
as  nevertlieless  occurs  shall  be  expended  on 
removable  pieces  of  linc,  whereby  Ihe  iron  of  the  boiler  n 
protected. 

Q.  Will  you  explain  how  these  principles  are  to  be  praclica 

A.  Mineral  oil  does  not  generate  an  acid.  \'egeiablc  oil  does. 
But  mineral  oil  has  also  its  inconveniences,  one  of  which  is  that 
it  acts  upon  tlie  india-rubber  valves  of  the  air  pump  and  feed 
pump  ;  and  another  is  that  it  has  in  some  eases  been  found  to 
occasion  a  carbonaceous  deposit  on  the  tube  plates  of  the  boiler, 
hindering  the  transmission  of  heal  and  causing  the  tubes  to  leak. 
A  mixture  of  mineral  and  vegetable  oils  is  widely  used.  Bui  for 
the  carbonaceous  deposit,  it  would  be  the  best  course  to  use 
mineral  oil  exclusively  for  lubricating  the  piston,  and  lo  supersede 
the  india-rubber  discs  in  the  pumps  by  slide  valves.  But  if 
Perkins'  metal  be  used  for  the  piston  rings,  all  oils  for  the  piston 
may,  it  is  said,  be  dispensed  with.  The  alkali  usually  introduced 
into  the  boiler  lo  neutralise  any  acid  which  may  be  generated 
there  is  soda.  To  protect  the  iron  of  the  boiler  should  acid  never- 
theless exist,  bars  of  zinc  are  attached  to  those  parts  where  oxida- 
tion is  found  most  to  occur,  care  being  taken  to  make  Ihe  contact 
between  the  iron  and  the  2inc  sufficiently  intimaie  to  eriablc  a 
galvanic  current  to  be  permanently  maintained.  The  linc  being 
the  more  oxidisable  metal,  all  ihe  oxidation  which  would  other* ' 
set  in  upon  the  iron  is  transferred  lo  the  linc,  and  the  boiler  \ 
thus  protected.  In  modem  boilers  it  will  be  proper  lo  adopt  a 
these  expedients  if  oil  be  used.  Bui  the  best  solution  of  llie  diflicall^ 
will  be  to  use  the  Perkins  ntetal  for  the  cylinder  rings,  if  c 
extended  trial  it  is  found  that  by  the  use  of  this  metal  the  lubrica- 
tion of  the  piston  by  oil  or  grease  of  any  kind  can  be  dispensed 
with.  Tallow  is  objectionable  as  a  lubricant,  not  merely  b 
it  generates  an  acid  in  the  boiler,  but  because  it  carbonises  fl 
piston  and  congeals  in  the  condenser  lubes,  choking  them  u 

Q.  In  steam  vessels  are  there  usually  several  boilers  ? 

A.  Yes,  in  steam  vessels  of  considerable  power  and  siie. 

Q.  Are  these  boilers  generally  so  constructed  that  any  one  of 
them  may  be  thrown  out  of  use  .* 

A.  Maiine  boilers  are  now  generally  supplied  with  stop  valves, 
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whereby  one  boiler  may  be  thrown  out  of  use  without  impairing 

the  efficacy  of  the   remainder.     These   stop   valves  are   usually 

spindle  valves  of  large  size,  and  they  are  for  the  most  part  set  in  a 

pipe  which  runs  across  the  steam  chests,  connecting  the  several 

boilers  together.      The  spindles  of  these   valves  should   project 

through  stuffing  boxes  in  the  covers  of  the  valve  chests,  and  they 

may  be  balanced  by  a  weighted  lever,  kept  in  continual  action  by 

the  steam.     If  the  valves  be  suffered  to  remain  long  stationary 

they  will  become  fixed  by  corrosion,  and  it  will  be  impossible  after 

some  lime  to  shut  them  on  an  emergency.     These  valves  should 

always  be  easily  accessible  from  the  engine  room ;  and  it  ought  not  to 

be  necessary  for  the  coal  boxes  to  be  empty  to  gain  access  to  them« 

Q.  Should  each  boiler  have  at  least  one  safety  valve  for  itself? 

A,  Yes ;  it  would  be  quite  unsafe  without  this  provision,  as  the 

slop  valve  might  possibly  jam ;  or,  if  of  the  kind  which  is  shut 

against  the  pressure  by  a  screw,  it  may  be  accidentally  left  shut,  as 

vas  done  in  the  case  of  the  '  Thunderer.*     Sometimes  valves  jam 

from  a  distortion  in  the  shape  of  the  boiler,  when  a  considerable 

pressure  is  put  upon  it.    This  was  the  cause  of  the  explosion  in  the 

'Archimedes.' 

2-  How  is  the  admission  of  the  water  into  the  boiler  regulated  ? 
A,  The  admission  of  feed  water  into  the  boiler  is  regulated 
^y  hand  by  the  engineer  by  means  of  cocks,  and  sometimes  by 
spindle  valves  raised  and  lowered  by  a  screw.  Cocks  appear  to 
oc  the  preferable  expedient,  as  they  are  less  liable  to  accident  or 
derangement  than  screw  valves,  and  in  modern  steam  vessels  they 
*fc  generally  employed. 

2-  At  what  point  of  the  boiler  is  the  feed  introduced  ? 
A.  The  feed  water  is  usually  conducted  from  the  feed  cock  to 
^  point  near  the  bottom  of  the  boiler  by  means  of  an  internal  pipe, 
^e  object  of  this  arrangement  being  to  prevent  the  rising  steam 
from  being  condensed  by  the  entering  water.    By  being  introduced 
near  the  bottom  of  the  boiler,  the  water  comes  into  contact  in  the 
^rst  place  with  the  bottoms  of  the  furnaces,  and  extracts  heal  from 
them  which  could  not  be  extracted  by  water  of  a  higher  lempera- 
fure,  whereby  a  saving  of  fuel  is  accomplished.     In  some  cases  the 
feed  water  is  introduced  into  a  casing  around  the  chimney,  from 
whence  it  descends  into  the  boiler.     This  plan  appears  to  be  an 
expedient  one  when  the  boiler  is  short  of  heating  surface  and  more 
than  a  usual  quantity  of  heat  ascends  the  chimney  ;  but  in  well- 
proportioned  boilers  a  water-casing  round  the  chimney  is  super- 


r-casing  is  used  with  low  pressures  the  boiler 
is  generally  fed  by  a  head  of  water,  ilie  feed  water  being  forced  up 
a  small  tank,  from  whence  ii  de!<cends  into  the  builcr  by  ihe 
force  of  gravity,  while  the  surplus  runs  to  waste,  as  in  the  feeding 
apparatus  of  land  engines.  But  in  steam  vessels  tliis  arrangemcM 
is  now  obsolete. 

Q.  Suppose  that  the  engineer  should  shut  oS  the  feed  wuer 
from  the  boilers  while  the  engine  was  working,  what  would  be  the 

^.  The  result  would  be  lo  burst  the  feed  pipes,  except  for  » 
safely  valve  placed  on  the  feed  pipe  between  the  engine  and  the 
boilers,  which  safely  valve  opens  when  any  undue  pressure  comis 
upon  the  pipes,  and  allows  the  water  to  escape.  There  is,  hon 
ever,  generally  a  cock  on  the  suction  side  of  the  feed  pump,  which 
regulates  ihe  quantily  of  water  drawn  into  the  pump.  But  there 
must  be  cocks  on  the  boilers  also  lo  determine  into  which  boiler 
the  water  shall  be  chiefly  discharged,  and  these  cocks  are  some- 
limes  all  shut  accidentally  at  the  same  lime.  Latterly  feed  cocks 
have  been  employed  of  such  a  construction  that  there  is  always  a 
passage  through  them  either  lo  the  "boiler  or  lo  the  overflow,  or 
partly  to  both.  With  such  cocks  a  safety  valve  on  the  feed  pipe 
may  be  dispensed  with,  and  yet  the  pipe  will  never  be  burst. 

Q.  Is  there  no  expedient  in  use  in  steam  vessels  for  enablinf; 
the  position  of  the  water  level  in  the  boiler  to  determine  ilie 
quantity  of  feed  water  admitted .' 

j4.  In  some  steam  vessels  floats  have  been  introduced  to  regu- 
late the  feed,  but  their  action  cannot  be  depended  on  in  ^taied 
water  if  applied  after  the  common  fnshion.  Floats  would  probably 
answer  if  placed  in  a  cylinder  which  communicates  with  the  water 
in  the  bailer  by  means  of  small  holes  ;  and  a  disc  of  metal  ^1ig^l 
be  attached  to  the  end  of  a  rod  extending  beneath  the  water  level 
so  as  to  resist  irregular  movements  from  the  motion  of  the  ship  ai 
sea,  which  would  otherwise  impair  the  action  of  the  apparatus. 

Q.  How  is  the  proper  level  of  the  water  in  the  boiler  of  a  steam 
vessel  maintained  when  the  engine  is  stopped  for  some  lime,  and 
the  boiler  is  blowing  off  slcam  ? 

A.  By  means  of  a  separate  pump  worked  by  a  small  si 
engine  called  the  Donkey  engine.  This  pump,  by  the  aid  of  st 
able  cocks,  will  pump  from  the  sea  into  the  boiler  ;  from  the  * 
upon  deck,  either  to  wash  decks  or  to  extinguish  fire :  and  fmm  tl 
biJgc  overboard,  through  a  suitable  orifice  in  the  side  of  the  si 
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LOCOMOTIVE   BOILERS. 

Q.  Will  you  recapitulate  the  general   features  of  locomotive 
boilers  ? 

A.  Locomotive  boilers  consist  of  three  portions— the  barrel 
containing  the  tubes,  the  fire-box,  and  the  smoke-box ;  of  which 
the  barrel,  smoke-box,  and  external  fire-box  are  always  of  iron  or 
steel,  but  the  internal  fire-box  is  generally  made  of  copper,  though 
sometimes  also  it  is  made  of  iron  or  steel.     The  tubes  are  some- 
times of  iron,  but  generally  of  brass  fixed  in  by  ferrules.   The  whole 
of  the  plates  of  a  locomotive  boiler  which  are  subjected  to  the 
pressure  of  steam  should  be  of  the  best  quality;  and  the  copper 
should  be  coarse-grained,  rather  than  rich  or  soft,  and  be  perfectly 
free  from  irregularities  of  structure  and  lamination. 
Q.  What  are  the  usual  dimensions  of  the  barrel } 
A.  The  thickness   of  the  plates  composing  the  barrel  of  the 
boiler  is  generally  about  half  an  inch,  and  the  plates  should  run  in 
the  direction  of  the  circumference,  so  that  the  fibres  of  the  iron 
may  be  in  the  direction  of  the  greatest  strain.     The  dianieter  of 
the  barrel  is  commonly  about  4  feet.     The  diameter  of  the  rivets 
should  be  from  jjths  to  f  ths  of  an  inch,  and  the  pitch  of  the  rivets 
or  distance  between  their  centres  should  be  from  y  to  2  inches.    It 
abetter,  however,  to  weld  the  butt  joints  or  to  use  covering  plates 
^thin  and  without  for  the  six  rows  of  rivets. 

2-  How  are  the  fire-boxes  of  locomotives  constructed  ? 
A,  The   space  between   the  external  and   internal   fire-boxes 
fonns  a  water  space^  which  must  be  stayed  ever>'  4^  or  5  inches  by 
*ficans  of  copper  or  iron  stay  bolts,  screwed  through  the  outer  fire- 
box into  the  metal  of  the  inner  fire-box,  and  securely  riveted  within 
^''  iron  stay  bolts  are  as  durable  as  copper,  and   their  superior 
tenacity  gives  them  an  advantage.     Sometimes  tubes  have  been 
^ployed  as  stays.   The  internal  and  external  fire-boxes  are  joined 
together  at  the  bottom,  and  round  the  fire  door  they  are  connected 
V  means  of  a  copper  ring  \\  inch  thick  and  2  inches  broad — the 
inner  fire-box  being  dished  sufficiently  outward  at  that  point,  and 
the  outer  fire-box  sufficiently  inwards,  to  enable  a  circle  of  rivets 
}of  an  inch  in  diameter  passing  through  the  copper  ring  and  the 
two  thicknesses  of  iron  to  make  a  water-tight  joint.    The  thickness 
of  the  plates  composing  the  external  fire-box  is  in  general  ^  an  inch, 
and  the  thickness  of  the  internal  fire-box  is  in  most  cases  {^x^is  if 
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copper,  and  from  /^ths  to  ^  an  inch  if  of  iron.     Rivet-heads  at^^ 
liable  to  be  burnt  away  by  the  action  of  the  fire;  and  when  the 
fire-boxes  are  square  each  side  should  consist  of  a  single  plate, 
turned  over  at  the  edges  with  a  radius  of  3  inches,  for  the  iniro- 
duction  of  the  rivets. 

g.  Is  there  any  provision  for  stiffening  ihe  crown  of  the  fumnce 
in  a  locomotive  ? 

A.  The  roof  of  the  internal  fire-box  requires  to  be  siiRened  with 
cross  stay  bars.  The  ends  of  these  slay  bars  rest  above  the  vertical 
sides  of  the  fire-box ;  and  to  the  stay  bars  thus  extending  across  the 
crown,  the  crown  is  attached  at  intervals  by  means  of  stay  bolts. 
There  arc  projecting  bosses  upon  the  stay  bars  encircling  the  bolts 
ai  every  point  where  a  bolt  goes  through,  but  in  the  other  pans 
ihey  are  k<  pt  clear  of  the  lire-box  crown,  so  as  10  permit  the  access 
of  water  to  the  metal  ;  and,  with  the  view  of  facihtating  the  ascent 
of  the  steam,  the  bottom  of  each  stay  bar  should  be  sharpened 
away  in  those  pans  where  ic  does  not  touch  the  boiler. 

Q.  Is  any  inconvenience  experienced  from  the  intense  heat  in  a 
locomotive  furnace  ? 

A.  The  fire-bars  in  locomotives  have  always  been  a  source  of 
trouble,  as  from  the  intensity  of  the  heat  in  the  furnace  they  become 
so  hot  as  to  throw  off  a  scale,  and  to  bend  under  the  weight  of  the 
fuel.     The  best  alleviation  of  these  evils  lies  in  making  the  bars  derp 
and  thin  :  4  or  5  inches  deep  by  five-eighths  of  an  inch  thick  on  the 
upper  side,  and  three-eighths  of  an  inch  on  the  under  side,  are  founds 
in  practice  to  be  good  dimensions.     In  some  locomotives  a  fram^^ 
carryinga  number  of  fire-bars  was  so  made  that  it  might  be  droppec^K 
suddetily  by  loosening  a  catch ;  but  it  was  found  that  any  such  nus:: — 
chanism  can  rarely  be  long  kept  in  working  order,  as  the  molie  -»i 
clinker,  by  running  down  between  the  frame  and  the  boiler,  w^  "' 
generally  glue  the  frame  into  its  place.     It  is,  therefore,  found  pr  - 
ferable  to  fix  the  frame,  and  to  lift  up  the  bats  by  the  dart  U5« 
by  the  stoker,  when  any  cause  requires  the  fire  10  be  withdraw.' ' 
The  furnace  bars  of  ioeomoti*'es  are  always  made  of  malleable  in  ■■' 
and  indeed  for  every  species  of  boiler  malleable  iron  bars  arc  10  .'^ 
preferred  to  bars  of  cast  iron,  as  they  are  more  durable,  and  mnj. 
if  thin,  be  set  closer  together,  whereby  the  small  coal  or  cokfJi^ 
saved  that  would  otherwise  foil  into  the  ash  piL    The  ash-b 
locomotives  is  made  of  plale  iron  a  quarter  of  an  ind>  ll  ' 
should  not  be  less  than  10  inches  dcep,and  its  bottom  should  be  ftl 
9  indies  above  the  level  of  the  rails.    The  chimney  of  a  locDinotnt^ 
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b  made  of  plate  iron  one-eighth  of  an  inch  thick  :  it  is  usually  of 
ifa«  same  diameter  as  the  cj'lindcr,  but  is  better  smaller,  and  must 
not  nand  more  than  14  feet  hiii:h  above  the  level  of  the  rails, 
g.  Are  locomolive  boilers  provided  with  3  steam  chest  ? 
A.  The  upper  portion  of  the  external  fire-box  is  usually  formed 
into  a  steam  chest,  and  from  this  steam  chest  the  steam  is  con- 
ducted away  by  an  internal  pipe  to  the  cylinders  ■,  but  in  other 
caaes  an  independent  steam  chest  is  set  upon  the  barrel  of  the 
boiler,  consisting  of  a  plate  iron  cylinder,  20  inches  in  diameter, 
a  feet  high,  and  ihrce-eighihs  of  an  inch  thick,  with  a  dome-shaped 
top,  and  with  the  seam  welded  and  the  edge  turned  over  to  form 
a  fliuige  of  attachment  \o  the  boiler. 

Q.  Is  any  beneScial  use  made  of  the  surplus  steam  of  a  locomo- 
tive? 

A.  To  save  the  steam  which  is  formed  when  the  engine  is  sta- 
tionary, a  pipe  is  usually  fitted  to  tlie  boiler,  which  on  a  cock  being 
turned  conducts  the  steam  into  the  water  in  the  tender,  whereby 
the  feed  water  is  healed,  and  less  fuel  is  subsequently  required. 
This  method  of  disposing  of  the  surplus  steam  may  be  adopted 
xbcD  [lie  locomotive  is  descending  inclines,  or  on  any  occasion 
wlierc  more  steam  is  produced  than  the  engine  can  consume. 

Q.  What  means  are  provided  to  facilitate  the  inspection  and 
cleaning  of  locomotive  boilers  ? 

A.  The  man-hole,  or  entrance  into  ihe  boiler,  consists  of  a  cir- 
cular or  oval  aperture,  of  about  1 5  inches  diameter.  In  whatever 
situation  ihis  man-hole  Is  placed,  the  surfaces  of  the  ring  encircling 
the  hole,  and  of  the  internal  part  of  the  door  or  cover,  should  be 
accurately  fitted  together  by  scraping  or  grinding,  so  that  they  need 
only  the  interposilion  of  a  little  red  lead  to  make  them  quite  tight 
when  screwed  together.  Lead  or  canvas  joints,  if  of  any  consider- 
able thickness,  will  not  long  withstand  the  action  of  high-pressure 
tieam ;  and  ihe  whole  of  the  joints  about  a  locomotive  should  be 
mch  that  ihey  require  nothing  mare  than  a  little  paint  or  putty,  or 
a  rmg  of  wire  gauie  smeared  with  while  or  red  lead,  to  make  ihem 
perfectly  tight.  There  must  be  n  mud-hole  opposite  ihe  edge  of 
each  water  space,  to  enable  the  boiler  to  be  easily  cleaned  out,  and 
these  holes  are  most  safely  closed  by  doors  put  on  from  the  inside. 
A  cock  for  empiying  the  boiler  is  usually  fixed  al  the  boitom  of 
itie  lire-box,  and  it  should  be  so  placed  as  to  be  accessible  when 
the  engine  is  at  work,  in  order  thai  the  engine-driver  may  blow-off 
aome  water  if  neressnry  ;  but  ii  must  not  be  in  such  a  position  as 
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to  send  the  water  blmvn  off  amont;  the  machinery,  as  it  might  caiif^  J 
sand  or  grit  into  the  bearings,  to  their  manifest  injury. 

Q.  Will  you  Slate  the  dfniensioiib  of  the  tube  plate  and  tt 
means  of  securing  the  tubes  in  it? 

A.  The  tube  plates  are  generally  made  from  three-fourths  lo 
seven-eighths  of  an  inch  thick,  as  when  the  plaic  is  thick  the  holes 
will  not  be  so  liable  to  change  iheir  figure  during  the  process  rrf 
ferruling  the  tubes.  The  distance  between  the  tulies  should  ne\'tr 
be  n-ade  less  than  three-fourths  of  an  inch,  and  the  holes  should  be 
slightly  tapered  so  as  to  enable  the  tubes  to  hold  the  tube  pliiici 
together.  The  tubes  are  usually  secured  in  the  tube  plates  by 
means  of  taper  ferrules  driven  into  the  ends  of  the  lubes.  But 
sometimes  ferrules  arc  dispensed  with.  The  ferrules  are  foclbf 
most  part  made  of  steel  at  the  fire-box  end,  and  of  wrought  iton 
at  the  smoke-box  end,  though  ferrules  of  malleable  cast  iron  have 
in  some  cases  been  used  with  advantage.  Malleable  cast  iron 
ferrules  are  almost  as  easily  expanded  when  hammered  cold  upon 
a  mandril  as  the  common  wrought  iron  ones  are  at  a  working  heat 
Spring  steel,  rolled  with  a  feather  edge,  to  facilitate  its  conversion 
into  ferrules,  is  supplied  by  some  of  the  steel-makers  of  Sheffield, 
and  it  appears  expedient  to  make  use  of  sleel  Ihus  prepared  when 
steel  ferrules  are  employed.  In  cases  where  ferrules  are  not  em- 
ployed, it  may  be  advisable  to  set  out  the  tube  behind  the  tube 
plate  by  means  of  an  e>;panding  mandril.  There  are  various  forms 
of  this  instrument ;  but  the  form  now  in  most  general  use  is  that 
known  as  Dudgeon's,  in  which  three  small  rollers  are  set  out  by  a 
tapered  central  drift.     These  rollers  are  rotated  within  the  tube. 

Q.  Will  you  explain  the  means  that  are  adopted  lo  regulate  the 
admission  of  steam  lo  the  cylinders? 

A.  In  locomotives  the  admission  of  the  steam  from  the  boiler 
lo  the  cylinders  is  regulated  by  a  valve  called  the  regulator,  which 
is  generally  placed  immediately  above  the  internal  fire  box,  and  is 
connected  with  two  copper  pipes,  one  conducting  steam  from  the 
highest  point  of  the  dome  down  to  it,  and  the  other  conducting  the 
steam  that  has  passed  through  it  along  the  boiler  to  the  upper  p.i'' 
of  the  smoke-box.  Regulators  may  be  divided  into  two  sorts,  \m  , 
those  with  sliding  valves  and  steam  ports,  and  those  with  conicii 
valves  and  seals,  of  which  the  latter  kind  are  the  best.  The  former 
kind  have,  for  the  most  part,  consisted  of  a  circular  valve  and  face 
with  radial  apertures,  the  valve  resembling  the  outstretched  wings 
of  a  butterfly,  aud  being  made  to  revolve  on  its  central  pivot  by 
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connecting  links  between  its  outer  edges,  or  by  its  central  spindle. 
In  some  of  Stephenson's  engines  the  regulator  consists  of  a  slide 
valve  covering  a  port  on  the  top  of  the  valve  chests.  A  rod  passes 
from  this  valve  through  the  smoke-box  below  the  boiler,  and  by 
means  of  a  lever  parallel  to  the  starting  lever  is  brought  up  to  the 
engineer's  reach.  Cocks  were  at  first  used  as  regulators,  but  were 
given  up,  as  they  were  found  liable  to  stick  fast.  A  gridiron  slide 
valve  has  been  used  by  Stephenson,  which  consists  of  a  perforated 
square  plate  moving  upon  a  face  with  an  equal  number  of  holes. 
This  plan  of  a  valve  gives,  with  a  small  movement,  a  large  area 
of  opening.  The  best  regulator  is  probably  a  valve  of  the  equi- 
librium description,  such  as  is  used  in  the  Cornish  engine.  There 
is  no  friction  in  such  a  regulator,  and  it  can  be  opened  or  shut 
with  a  small  amount  of  force.  Such  valves  are  now  frequently 
employed  for  regulators  in  locomotives. 


TORPEDO-BOAT   BOILERS. 

Q.  What  kind  of  boilers  are  employed  for  torpedo-boats  and 
other  light  vessels  for  which  a  high  rate  of  speed  is  required  ? 

A,  The  boilers  of  such  boats  are  usually  of  the  locomotive  type. 
Bat  as  the  engines  are  condensing  engines,  there  can  be  no  blast- 
pipe  in  the  chimney  for  maintaining  a  strong  draught.  The  stoke- 
hole is  therefore  made  close  and  air  is  forced  into  it  by  a  fan,  by 
which  means  an  action  resembling  that  of  a  locomotive  boiler  is 
obtained. 

(2-  Is  the  structure  of  such  boilers  in  all  respects  the  same  as 
that  of  a  locomotive  boiler  ? 

A.  There  are  some  slight  differences  which  it  will  be  proper  to 
specify.  One  is  that  there  is  a  brick  bridge  intervening  between 
^e  end  of  the  bars  and  the  beginning  of  the  tubes.  Another  is 
^t  increased  steam  room  is  got  by  making  the  part  of  the  shell 
^ver  the  fire-box  flat,  and  by  staying  it  by  bolts  to  the  top  of  the 
fire-box. 

(2.  What  is  the  object  of  having  this  increased  steam  room  ? 
A.  To  diminish  priming. 

2-  And  why  should  these  boilers  prime  more   than   locomo- 
tives? 

A,  Because,  the  engines  being  compound,  the  steam  is  taken 
**ay  at  more  distant  intervals. 
2-  What  other  effects  have  been  observed  ? 
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A.  There  has  been  much  trouble  from  the  tubes  leaking  at 
the  ends,  and  when  the  steam  was  let  down  the  tubes  have  been 
found  to  be  slack  in  the  holes,  and  the  holes  to  be  sometimes  oval. 

Q,  To  what  do  you  attribute  these  results  ? 

A,  To  the  unequal  expansion  of  the  tubes  and  the  shell.  WTiere 
these  inconveniences  have  been  experienced,  the  tubes  have  been 
of  brass  and  the  fire-box  of  copper,  and  these  parts  have  been  so 
connected  as  to  constitute  a  continuous  piece.  As  the  copper  and 
brass  expanded  more  than  the  iron  shell,  and  as  the  free  expansion 
of  the  tubes  was  thus  prevented,  some  of  them,  in  the  effort  to 
expand,  were  bent  so  much  as  to  make  the  holes  oval,  while  all 
were  started  at  the  ends. 

Q.  How  is  this  to  be  prevented  .^ 

A,  It  was  cured  in  the  cases  where  it  occurred  by  using  an  iron 
fire-box  and  iron  tubes,  which  expanded  less.  But  a  better  remedy 
would  have  been  to  corrugate  the  shell,  which  would  have  allowed 
the  brass  tubes  and  copper  fire-box  to  expand  without  injury. 

Q,  How  would  this  effect  have  been  produced  ? 

A.  In  the  case  of  a  simple  cylindrical  shell  the  effect  of  the 
greater  expansion  of  the  tubes  and  fire-box  than  of  the  shell  will 
be  either  to  strain  the  shell  by  extension  or  to  crumple  the  tubes. 
But  by  corrugating  the  shell  its  longitudinal  extension  will  be  per- 
mitted without  throwing  much  end  strain  upon  the  tubes. 
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PUMPING  ENGINES. 

(2-  Will  you  explain  the  course  of  procedure  in  the  erection  of 
a  pumping  engine,  such  as  Boulton  and  Watt  introduced  into 
Cornwall? 

A,  The  best  instructions  on  this  subject  are  those  of  Mr.  Watt 
himself^  which  are  as  follows : — Having  fixed  on  the  proper  situa- 
tion of  the  pump  in  the  pit,  from  its  centre  measure  out  the 
distance  to  the  centre  of  the  cylinder,  from  which  set  off  all  the 
other  dimensions  of  the  house,  including  the  thickness  of  the  walls, 
and  dig  out  the  whole  of  the  included  ground  to  the  depth  of  the 
bottom  of  the  cellar,  so  that  the  bottom  of  the  cylinder  may 
stand  on  a  level  with  the  natural  ground  of  the  place,  or  lower  if 
convenient,  for  the  less  the  height  of  the  house  above  the  ground, 
the  firmer  it  will  be.    The  foundations  of  the  walls  must  be  laid 
at  least  two  feet  lower  than  the  bottom  of  the  cellar,  unless  the 
foundation  be  firm  rock  ;  and  care  must  be  taken  to  leave  a  small 
drain  into  the  pit  quite  through  the  lowest  part  of  the  foundation 
<^thc  lever  wall,  to  let  off  any  water  that  may  be  spilt  in  the 
^gme  house,  or  may  naturally  come  into  the  cellar.     If  the  foun- 
^ion  at  that  depth  does  not  prove  good,  you  must  either  go 
down  to  a  better,  if  in  your  reach,  or  make  it  good  by  a  platform  of 
^ood  or  piles,  or  both. 

Q,  These  directions  refer  to  the  foundations  ? 
A,  Yes ;  but  I  will  now  proceed  to  the  other  parts.  Within 
^^e  house  low  walls  must  be  built  to  carry  the  cylinder  beams,  so 
^  to  leave  sufficient  room  to  come  at  the  holding  down  bolts,  and 
^  ends  of  these  beams  must  also  be  lodged  in  the  w^all.  The 
^er  wall  must  be  built  in  the  firmest  manner,  and  run  solid, 
course  by  course,  with  thin  lime  mortar,  care  being  taken  that  the 
iime  has  not  been  long  slaked.    If  the  house  be  built  of  stone,  let 
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the  stones  be  large  and  long,  and  let  many  headers  be  laid  through 
the  wall ;  it  should  also  be  a  rule  that  every  stone  be  laid  on  the 
broadest  bed  it  has,  and  never  set  on  its  edge.    A  course  or  two 
above  the  lintel  of  the  door  that  leads  to  the  condenser,  bufld  into 
the  wall  two  parallel,  flat,  thin  bars  of  iron  equally  distant  firom. 
each  other,  and  from  the  outside  and  inside  of  the  wall,  and  reach- 
ing the  whole  breadth  of  the  lever  wall.    About  a  foot  higher  in 
the  wall,  lay  at  every  four  feet  of  the  breadth  of  the  front  other 
bars  of  the  same  kind  at  right  angles  to  the  former  course,  and 
reaching  quite  through  the  thickness  of  the  wall;   and  at  each 
front  comer  lay  a  long  bar  in  the  middle  of  the  side  walls,  and 
reaching  quite  through  the  front  wall ;  if  these  bars  are  lo  feet  or 
12  feet  long  it  will  be  sufficient.    When  the  house  is  built  up 
nearly  to  the  bottom  of  the  opening  under  the  great  beam,  another 
double  course  of  bars  is  to  be  built  in  as  has  been  directed.    At 
the  level  of  the  upper  cylinder  beams,  holes  must  be  left  in  the 
walls  for  their  ends  with  room  to  move  them  laterally,  so  that  the 
cylinder  may  be  got  in;  and  smaller  holes  must  be   left  quite 
through  the  walls  for  the  introduction  of  iron  bars,  which  being 
firmly  fastened  to  the  cylinder  beams  at  one  end,  and  screwed  at 
the  other  or  outer  end,  will  serve,  by  their  going  through  both  the 
front  and  back  walls,  to  bind  the  house   more  firmly  togetheL 
The  spring  beams  or  iron  bars  fastened  to  them  must  reach  quite 
through  the  back  wall,  and  be  keyed  or  screwed  up  tight;  and 
they  must  be  firmly  fastened  to  the  lever  wall  on  each  side,  either 
by  iron  bars,  firm  pieces  of  wood,  or  long,  strong  stones  reaching 
far  back  into  the  wall.    They  must  also  be  bedded  solidly,  and  the 
residue  of  the  opening  must  be  built  up  in  the  firmest  manner. 

g.  If  there  be  a  deficiency  of  water  for  the  purpose  of  condcnr 
sation,  what  course  should  be  pursued  ? 

A.  If  there  be  no  water  in  the  neighbourhood  that  can  be  em- 
ployed for  the  purpose  of  condensation,  it  will  be  necessaiy  ^ 
make  a  pond,  dug  in  the  earth,  for  the  reception  of  the  water 
delivered  by  the  air  pump,  to  the  end  that  it  may  be  cooled  and 
used  again  for  the  engine.  The  pond  may  be  three  or  four  ft*^ 
deep,  and  lined  with  turf,  puddled,  or  otherwise  made  water-tight. 
Throwing  up  the  water  into  the  air  in  the  form  of  a  jet  to  cod  ^ 
has  been  found  detrimental,  as  the  water  is  then  cha]^;ed  with  air» 
which  vitiates  the  vacuum. 

Q,  How  is  the  piston  of  a  pumping  engine  packed  ? 

A,  To  pack  the  piston,  take  sixty  common-sized  white  or  un^ 
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tarred  rope-yams,  and  with  them  plait  a  gasket  or  fiat  rope  as 

close  and  firm  as  possible,  tapering  for  eighteen  inches  at  each 

end,  and  long  enough  to  go  round  the  piston,  and  overlapped  for 

that  length ;  coil  this  rope  the  thin  way  as  hard  as  possible,  and 

beat  it  with  a  sledge  hanmier  until  its  breadth  answers  the  place  ; 

put  it  in  and  beat  it  down  with  a  wooden  drift  and  a  hand  mallet, 

pour  some  melted  tallow  all  around,  then  pack  in  a  layer  of  white 

oakum  half  an  inch  thick,  so  that  the  whole  packing  may  have  the 

depth  of  five  to  six  inches,  depending  on  the  size  of  the  engine ; 

finally,  screw  down  the  junk  ring.     The  packing  should  be  beat 

solid,  but  not  too  hard,  otherwise  it  will  create  so  great  a  friction 

as  to  prevent  the  easy  going  of  the  engine.     Abundance  of  tallow 

should  be  allowed,  especially  at  first ;  the  quantity  required  will  be 

less  as  the  cylinder  grows  smooth.     In  some  of  the  more  modem 

pumping  engines  the  piston  is  provided  with  metallic  packing, 

consisting  for  the  most  part  of  a  single  ring  with  a  tongue  piece 

to  break  the  joint,  and  packed  behind  with  hemp.     The  upper 

edge  of  the  metallic  ring  is  sharpened  away  from  the  inside,  so 

as  to  permit  more  conveniently  the  application  of  hemp  packing 

behind  it ;  and  the  junk  ring  is  made  much  the  same  as  if  no 

metallic  packing  were  employed. 

0.  Will  you  explain  the  mode  of  putting  the  engine  into  opera- 
tion? 

A,  To  set  the  engine  going,  the  steam  must  be  raised  until  the 

pressure  in  the  steam  pipe  is  at  least  equal  to  three  pounds  on  the 

square  inch ;  and  when  the  cylinder  jacket  is  fully  warmed,  and 

steam  issues  freely  from  the  jacket  cock,  open  all  the  valves  or 

regulators  ;  the  steam  will  then  forcibly  blow  out  the  air  or  water 

cont^ned  in  the  eduction  pipe,  and  to  get  rid  of  the  air  in  the 

cylinder,  shut  the  steam  valve  after  having  blown  through  the 

engine  for  a  few  minutes.     The  cold  water  round  the  condenser 

^  condense  some  of  the  steam  contained  in  the  eduction  pipe, 

*nd  its  place  will  be  supplied  by  some  of  the  air  from  the  cylinder. 

"Hic  steam  valve  must  again  be  opened  to  blow  out  that  air,  and 

^e  operation  is  to  be  repeated  until  the  air  is  all  drawn  out  of  the 

^Hnder.    When  that  is  the  case  shut  all  the  valves,  and  observe 

^  the  vacuum  gauge  shows  a  vacuum  in  the  condenser.     When 

l^ere  is  a  vacuum  equivalent  to  three  inches  of  mercury,  open  the 

Injection  a  very  little,  and  shut  it  again  immediately ;  and  if  this 

produces  any  considerable  vacuum,  open  the  exhausting  valve  a 

^cry  little  way,  and  the  injection  at  the  same  time.    If  the  engine 
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does  not  now  commence  its  motion,  it  must  be  blown  through  agam 
until  it  moves.     If  the  engine  be  lightly  loaded,  or  if  there  be  no 
water  in  the  pumps,  the  throttle  valve  must  be  kept  nearly  dosed, 
and  the  top  and  exhaustion  regulators  must  be  opened  only  a  very 
little  way,  else  the  engine  will  make  its  stroke  with  violence,  and 
perhaps  do  mischief.     If  there  is  much  unbalanced  weight  on  the 
pump  end,  the  plug  which  opens  the  steam  valve  must  be  so  regu- 
lated that  the  valve  will  only  be  opened  very  slightly  ;  and  if  after 
a  few  strokes  it  is  found  that  the  engine  goes  out  too  slowly,  the 
valve  may  be  then  so  adjusted  as  to  open  wider.    The  engine 
should  always  be  made  to  work  fiill  stroke,  that  is,  until  the  catch 
pins  are  made  to  come  within  half  an  inch  of  the  springs  at  each 
end,  and  the  piston  should  stand  high  enough  in  the  cylinder,  when 
the  engine  is  at  rest,  to  spill  over  into  the  perpendicular  steam  pipe 
any  water  which  may  be  condensed  above  it ;  for  if  water  remain 
upon  the  piston,  it  will  increase  the  consumption  of  steam.    When 
the  engine  is  to  be  stopped,  shut  the  injection  valve  and  secure  it, 
and  adjust  the  tappets  so  as  to  prevent  the  exhausting  valve  from 
opening  and  to  allow  the  steam  valve  to  open  and  remain  open, 
otherwise  a  partial  vacuum  may  arise  in  the  cylinder,  and  it  may 
be  filled  with  water  from  the  injection  or  from  leaks.    A  single- 
acting  engine,  when  it  is  in  good  order,  ought  to  be  capable  of 
going  as  slow  as  one  stroke  in  ten  minutes,  and  as  fast  as  ten  strokes 
in  one  minute ;  and  if  it  does  not  fulfil  these  conditions,  there  is 
some  fault  which  should  be  ascertained  and  remedied. 

Q,  Your  explanation  has  reference  to  the  pumping  engine  as 
introduced  into  Cornwall  by  Watt :  have  any  modifications  been 
since  made  upon  it  ? 

A,  In  the  modem  Cornish  engines  the  steam  is  used  very  ex- 
pansively, and  a  high  pressure  of  steam  is  employed.  In  some 
cases  a  double  cylinder  engine  on  Homblower^s  plan  is  used, 
in  which  the  steam,  after  having  given  motion  to  a  small  piston  oo 
the  principle  of  a  high-pressure  engine,  passes  into  a  laiger  cylio" 
der,  where  it  operates  on  the  principle  of  a  condensing  engine  J 
but,  as  already  explained,  there  is  no  superior  effect  gained  bytl* 
use  of  two  cylinders,  and  there  is  greater  complexity  in  the  app*" 
ratus.  Instead  of  the  lever  walls,  cast  iron  columns  are  now  fre- 
quently used  for  supporting  the  main  beam  in  pumping  engineSi 
and  in  engines  made  in  Cornwall  the  cylinder  end  of  the  mai'* 
beam  is  generally  made  longer  than  the  pump  end,  so  as  to  enable 
the  cylinder  to  have  a  long  stroke  and  the  piston  to  move  quickly) 
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without  communicating  such  a  velocity  to  the  pump  buckets  as 
will  make  them  work  with  such  a  shock  as  to  wear  themselves  out 
quickly.  A  high  pressure  of  steam,  too,  can  be  employed  where  the 
stroke  is  long,  without  involving  the  necessity  of  making  the  working 
parts  of  such  large  dimensions  as  would  otherwise  be  necessary  ; 
for  the  strength  of  the  parts  of  a  single-acting  engine  will  require 
to  be  much  the  same,  whatever  the  length  of  the  stroke  may  be. 
Q,  What  kind  of  pump  is  mostly  used  in  draining  deep  mines  .^ 
A,  The  pump  now  universally  preferred  is  the  plunger  pump, 
which  admits  of  being  packed  or  tightened  while  the  engine  is  at 
work ;  but  the  lowest  lift  of  a  mine  is  generally  supplied  with  a 
pump  on  the  suction  principle,  both  with  the  view  of  enabling  the 
lowest  pipe  to  be  lengthened,  so  as  to  follow  the  water  with  facility 
as  the  shaft  is  sunk  deeper,  and  to  obviate  the  inconvenience  of 
the  valves  of  the  pump  being  rendered  inaccessible  by  any  flooding 
in  the  mine.  The  pump  valves  of  deep  mines  are  a  perpetual 
source  of  expense  and  trouble,  as  from  the  pressure  of.  water  upon 
them  it  is  difficult  to  prevent  them  from  closing  with  violence  ;  and 
many  expedients  have  been  contrived  to  mitigate  the  evil,  of  which 
the  valve  known  as  Harvey  and  West's  valve  has,  perhaps,  gained 
the  widest  acceptation. 

2-  Will  you  describe  Harvey  and  Wests  pump  valve? 
A,  This  valve  is  a  compromise  between  the  equilibrium  valve, 
of  the  kind  employed  for  admitting  the  steam  to  and  from  the 
cylinder  in  single-acting  engines,  and  the  common  spindle  valve ; 
and  to  comprehend  its  action,  it  is  necessary  that  the  action  of  the 
equilibrium  valve  should  first  be  understood.     This  valve  consists 
substantially  of  a  cylinder  open  at  both  ends,  and  capable  of  slid- 
ing upon  a  stationary  piston  fixed  upon  a  rod  of  the  length  of  the 
cylinder,  which  proceeds  from  the  centre  of  the  orifice  the  valve  is 
•^tended  to  close.     It  is  clear  that,  when  the  cylinder  is  pressed 
*Wn  until  its  edge  rests  upon  the  bottom  of  the  box  containing  it, 
^c  orifice  of  the  pipe  must  be  closed,  as  the  steam  can  neither 
Escape  past  the  edge  of  the  cylinder  nor  between  the  cylinder  and 
^piston  ;  and  it  is  equally  clear,  that  as  the  pressure  upon  the 
blinder  is  equal  all  around  it,  and  the  whole  of  the  downward 
Pressure  is  sustained  by  the  stationary  piston,  the  cylinder  can  be 
f^iised  or  lowered  without  any  further  exertion  of  force  than  is 
Accessary  to  overcome  the  friction  of  the  piston  and  of  the  rod  by 
»^hich  the  cylinder  is  raised.     Instead  of  the  rubbing  surface  of  a 
piston,  however,  a  conical  valve  face  between  the  cylinder  and 
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piston  is  employed,  which  is  tight  only  when  the  cylinder  is  in  its 
lowest  position  ;  and  there  is  a  similar  face  between  the  edge  of 
the  cylinder  and  the  bottom  of  the  box  in  which  it  is  placed.    The 
moving  part  of  the  valve,  too,  instead  of  being  a  perfect  cylinder, 
is  bulged  outwards  in  the  middle,  so  as  to  permit  the  steam  to  escape 
past  the  stationary  piston  when  the  cylindrical  part  of  the  valve  is 
raised.    It  is  clear,  that  if  such  a  valve  were  applied  to  a  pump,  no 
pressure  of  water  within  the  pump  would  suffice  to  open  it,  neither 
would  any  pressure  of  water  above  the  valve  cause  it  to  shut  with 
violence  ;  and  if  an  equilibrium  valve,  therefore,  be  used  as  a  pump 
valve  at  all,  it  must  be  opened  and  shut  by  mechanical  means.     In 
Harvey  and  West's  valve,  however,  the  equilibrium  principle  is 
only  partially  adopted;  the  lower  face  is  considerably  larger  in 
diameter  than  the  upper  face,  and  the  difference  constitutes  an 
annulus  of  pressure,  which  will  cause  the  valve  to  open  or  shut  with 
the  same  force  as  a  spindle  valve  of  the  area  of  the  annulus.     To 
deaden  the'shock  still  more  effectually,  the  lower  face  of  the  valve 
is  made  to  strike  upon  end  wood  driven  into  an  annular  recess  in 
the  valve  seat  or  pump  bucket ;  and  valves  thus  constructed  work 
with  very  little  noise  or  tremor.    But  it  is  found  in  practice  that  the 
use  of  Harvey  and  West's  valve,  or  any  contrivance  of  a  similar 
kind,  adds  materially  to  the  load  upon  the  pump,  especially  in  low 
lifts,  where  the  addition  of  weight  to  the  valve  makes  a  material 
addition  to  the  total  resistance  which  the  engine  has  to  overcome. 
Instead  of  end  wood  driven  into  a  recess  for  the  valve  to  strike 
upon,  a  mixture  of  tin  and  lead  cast  in  a  recess  is  now  frequently 
used,  and  is  found  to  be  preferable  to  the  wood. 

Q.  Is  there  any  other  kind  of  pump  valve  which  is  free  from  the 
shocks  incidental  to  the  working  of  common  valves  } 

A.  In  some  cases  indiarubber  valves  are  used  for  pumps,  with 
the  effect  of  materially  mitigating  the  shock  ;  but  they  require  fre- 
quent renewal,  and  are  of  inferior  eligibility  in  their  action  to  the 
slide  valve,  which  might  in  many  cases  be  applied  to  pumps  with- 
out inconvenience. 

Q'  Will  not  the  use  of  an  air  vessel  diminish  the  shock  ujK* 
the  valves  ? 

A,  No  doubt  that  will  be  so ;  and  all  important  pumps  arefnf- 
nished  with  air  vessels,  not  merely  upon  the  forcing,  but  upon  tb* 
suction  side,  as  the  momentum  of  the  column  of  water  entering 
through  the  suction  pipe  will  not  only  otherwise  occasion  a  sbod^ 
but  the  regurgitation  will,  to  some  extent,  hinder  the  entrance  oi 
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the  water.  It  is  consequently  desirable  to  make  the  suction  pipe 
as  short  as  possible,  and  also  to  introduce  air  vessels  both  on  the 
suction  and  forcing  sides.  In  the  bucket  and  plunger  pump,  the 
water  is  drawn  only  during  the  ascent  of  the  bucket,  but  forced  in 
both  the  ascent  and  descent 

{2.  What  is  the  bucket  and  plunger  pump  ? 
A,  It  is  a  pump  made  with  a  bucket  having  a  valve  in  it  like  a 
common  sucking  pump,  but  with  the  pump  rod  enlarged  so  much 
as  to  constitute  a  plunger.   The  area  of  the  plunger  is  usually  made 
half  the  area  of  the  bucket,  and  the  plunger  passes  through  a 
water-tight  stuffing-box  in  the  usual  manner.     It  follows  from  this 
construction  that  when  the  bucket   descends  the  water  passes 
through  the  valve  in  the  bucket,  to  occupy  the  upper  part  of  the 
barreL     But  the  space  there  existing  is  reduced  to  one-half  by 
reason  of  the  intrusion  of  the  plunger,  and  as  there  is  not  room  for 
the  whole  of  the  water  above  the  bucket  which  was  previously 
beneath  it,  and  as  the  water  has  to  go  somewhere,  it  opens  the 
delivery  valve  against  the  pressure  of  the  head,  and  half  the  con- 
tent of  the  barrel  thus  escapes.    When  the  bucket  ascends  the 
water  lying  above  it  is  expelled.     But  the  quantity  there  remain- 
ing is  only  half  tnat  which  the  pump  took  in.     In  the  bucket  and 
plunger  pump,  therefore,  the  sucking  action  is  precisely  the  same 
as  that  of  a  conmion  single-acting  or  sucking   pump.     But  the 
forcing  action  is  the  same  as  that  of  a  double-acting  force  pump, 
and  by  its  employment  a  more  uniform  or  more  continuous  pro- 
pulsion of  the  water  is  obtained.     This  kind  of  pump  was  invented 
by  Jacob  Perkins,  but  was  first  employed  by  Mr.  David  Thomson 
in  the  Richmond  Waterworks,  about  1842,  since  which  time  its 
employment  has  been  greatly  extended. 

Q.  What  is  the  most  approved  species  of  engine  used  in  water- 
works at  the  present  time  ? 

A,  The  beam  engine  seems  to  be  in  greatest  favour,  and  in 
some  cases  the  double  cylinder  type  is  employed,  and  in  other  cases 
i^e  single  cylinder  engine.  Both  systems  were  introduced  into  the 
^'cw  River  Waterworks  side  by  side,  the  double  cylinder  engines 
^constructed  by  Mr.  David  Thomson,  and  the  single  cylinder  engines 
W  Boulton  and  Watt  A  very  excellent  performance  was  obtained 
ro  both  cases ;  but,  on  the  whole,  the  advantage  seemed  to  lie  with 
^c  single  cylinder  engines.  At  all  events,  the  double  cylinder 
system  showed  no  superiority  of  performance,  and  the  complica- 
tion was  somewhat  greater.  The  whole  of  the  engines  were  double- 
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acting  rotative  engines  with  cranks  and  fly  wheels,  and  the  pumps 
were  of  the  bucket  and  plunger  t>T)e. 

Q.  Then  single-acting  engines  working  at  a  low  rate  of  speed, 
and  with  the  valves  moved  by  hand-gear,  are  not  now  in  much 
favour  for  waterworks  ? 

-^.  No,  they  are  not ;  and  even  in  the  case  of  mines,  where  the 
system  is  more  permissible,  it  appears  probable  that  rotative  engines, 
workingat  a  high  speed  and  with  the  pumps  geared  down,  would,  on 
the  whole,  be  preferable  to  the  single-acting  arrangement.   The  fact 
is,  the  single-acting  engine  is  the  survival  of  a  more  primitive  state, 
which  must  now  be  superseded  by  more  compendious  contrivances. 
The  Cornish  engines,  though  often  rudely  manufactured,  are  very 
expensive  in  production,  as  a  large  engine  does  but  little  work ; 
whereas,  by  employing  a  smaller  engine,  moving  with  a  high  speedy 
the  dimensions  may  be  so  far  diminished  that  the  most  refined—^ 
machinery  can  be  obtained  at  less  than  the  present  cost.     Comisl 
engines  of  a  high  quality  made  by  Messrs.  Harvey,  of  Hayle, 
others,  have  been  introduced  into  some  of  the  London  waterworki^^ 
and  elsewhere  with  excellent  results.     Nevertheless,  the  principli 
is  now  obsolete  and  should  be  abandoned. 

Q,  Are  not  the  Cornish  engines  more  economical  in  fuel 
other  engines  ? 

A,  It  is  a  mistake  to  suppose  that  there  is  any  peculiar  virtL::^e 
in  the  existing  form  of  Cornish  engine  to  make  it  economical  ^.  n 
fuel,  or  that  a  less  lethargic  engine  would  necessarily  be 


efficient    The  large  duty  of  the  engines  in  Cornwall  is  traceal^le 
to  the  large  employment  of  the  principle  of  expansion,  and  to  a  f«^w 
other  causes  which  may  be  made  of  quite  as  decisive  efficacy    in 
smaller  engines  working  with  a  quicker  speed  ;  and  there  is  the're- 
fore  no  argument  in  the  performance  of  the  present  engines  against 
the  proposed  substitution. 

Q,  Will  you  give  an  example  of  a  double  cylinder  engine  of 
modem  type  such  as  is  used  in  waterworks  for  the  supply  of 
towns  .-* 

A,  I  will  select  for  this  purpose  the  engines  erected  in  18591 
from  the  designs  of  Mr.  Hawksley,  for  supplying  water  to  Altona, 
a  town  in  Holstein,  situated  near  the  mouth  of  the  Elbe.    There       \ 
are  two  engines,  and  they  have  been  erected  beside  the  river  at  ihf 
foot  of  a  hill  300  feet  high,  on  the  top  of  which  the  filter  beds  and       i 
reservoirs  have  been  placed.     Steam  is  supplied  for  the  engines       ' 
by  four  Cornish  boilers,  and  engines  and  boilers  were  constructed       it^ 
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by  Messrs.  Hawthorn,  of  Newcastle.  The  low-pressure  cylinders 
are  each  35  inches  diameter  and  7  feet  stroke,  and  the  high-pres- 
sure cylinders  are  each  of  20  inches  diameter  and  5  feet  3  inches 
stroke.  The  pressure  of  steam  in  the  boilers  is  28  lbs.  per  square 
inch,  and  it  may  be  cut  off  at  ^ths,  }ths,  or  ^ths  of  the  small 
cylinder.  The  ultimate  pressure  of  the  steam  in  the  large  cylinder 
is  about  3^  lbs.  Each  engine  is  separate,  and  has  its  own  flywheel 
20  feet  8  inches  diameter  and  weighing  16  tons.  Each  engme 
makes  about  15  revolutions  per  minute  and  exerts  62*45  actual 
horses-power,  with  a  consumption  of  3*63  lbs.  of  coal  per  actual  horse- 
power per  hour  when  using  two  boilers,  and  3*34  lbs.  when  using 
three.  The  pumps,  being  placed  at  half  the  radius  of  the  beam, 
have  a  stroke  of  3^  feet  and  a  cubical  capacity  of  8|  cubic  feet 
The  air  vessel  is  5  feet  diameter  and  18  feet  high,  and  the  supply 
of  air  is  maintained  within  it  by  means  of  small  air  valves  on  the 
suction  side  of  the  pumps.  The  suction  pipe  is  21  inches  diameter, 
and  the  delivery  pipe  1 5  inches  diameter.  The  total  cost  of  these 
waterworks  was  about  80,000/.,  of  which  the  engines,  boilers,  and 
fittings  cost  7,000/.,  or  less  than  ^th  of  the  whole.  A  better  per- 
formance than  the  foregoing  has  been  obtained  in  many  pumping 
engines  of  the  single  cylinder  type,  and  such  engines  are  simpler. 
It  would  have  been  better  if  the  pressure  of  the  steam  intheAltona 
engines  had  been  twice  as  great  as  it  is, 

VARIOUS   FORMS  OF  MARINE  ENGINES. 

Q.  What  species  of  paddle  engine  do  you  consider  to  be  the 
best  ? 

A,  The  oscillating  engine. 

Q,  Will  you  explain  the  grounds  of  that  preference  ? 

A,  The  engine  occupies  little  space,  consists  of  few  parts,  is 
easily  accessible  for  repairs,  and  may  be  both  light  and  strong  at 
the  same  time.  In  the  case  of  large  engines  the  crank  in  the  inter- 
mediate shaft  was  formerly  a  disadvantage,  as  it  was  difficult  to 
obtain  such  a  forging  quite  sound.  But  by  forging  it  in  three 
cranked  flat  bars,  which  were  then  laid  together  and  welded  into  a 
square  shaft,  a  sound  forging  was  got.  The  cranked  bars  were 
rounded  a  little  on  the  sides  which  were  welded,  to  allow  the  scoriae 
to  escape  during  that  operation.  It  is  important  in  so  large  a  forging 
not  to  let  the  fire  be  too  fierce,  else  the  surface  of  the  iron  will  be 
burnt  before  the  heart  is  brought  to  a  welding  heat.   In  some  cases 
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in  oscillating  engines  the  air  pump  has  been  wrought  by  an  eccentric, 
and  that  may  at  any  time  be  done  where  doubt  of  obtaining  a 
sound  intermediate  shaft  is  entertained.  But  the  precaution  must 
be  taken  to  make  the  eccentric  very  wide,  so  as  to  distribute  the 
pressure  over  a  large  surface,  else  the  bearing  will  be  apt  to  heat, 
and  an  eccentric  is  more  clumsy  than  a  crank.  A  crank  obtained 
by  bending  the  shaft  will  do  very  well.  But  there  is  no  longer  any 
difficulty  in  making  cranks  of  any  desired  form  perfectly  sound. 

Q,  Have  not  objections  been  brought  against  the  oscillating 
engine? 

A,  In  common  with  every  other  improvement,  the  oscillating 
engine,  at  the  time  of  its  introduction,  encountered  much  opposi- 
tion.    The  cylinder,  it  was  said,  would  become  oval,  the  trunnion 
bearings  would  be  liable  to  heat  and  the  trunnion  joints  to  leak, 
the  strain  upon  the  trunnions  would  be  apt  to  bend  in  or  bend  out 
the  sides  of  the  cylinder ;  and  the  circumstance  of  the  cylinder 
being  fixed  across  its  centre,  while  the  shaft  requires  to  accommo- 
tlate  itself  to  the  working  of  the  ship,  might,  it  was  thought,  be  the 
occasion  of  such  a  strain  upon  the  trunnions  as  would  either  break 
them  or  bend  the  piston  rod.    It  is  a  sufficient  reply  to  these  objec- 
tions to  say  that  they  are  all  hypothetical,  and  that  none  of  them 
in  practice  have  been  found  to  exist — to  such  an  extent,  at  least,  as 
to  occasion  any  inconvenience.     But  it  is  not  difficult  to  show  that 
tbey  are  altogether  unsubstantial,  even  without  a  recourse  to  the  dis- 
proofs afforded  by  experience. 

(2-  Is  there  not  a  liability  in  the  cylinder  to  become  oval  from 
tlie  strain  thrown  on  it  by  the  piston  ? 

A,  There  is,  no  doubt,  a  tendency  in  oscillating  engines  for  the 

cylinder  and  the  stuffing-box  to  become  oval.    But  after  a  number  of 

years'  wear  it  is  found  that  the  amount  of  ellipticity  is  less  than 

tliat  which  is  found  to  exist  in  the  cylinders  of  side  lever  engines 

^fter  a  similar  trial.     The  resistance  opposed  by  friction  to  the 

Oscillation  of  the  cylinder  is  so  small,  that  a  man  is  capable  of 

nioving  a  large  cylinder  with  one  hand  ;  whereas  in  the  side  lever 

engine,  if  the  parallel  motion  be  in  the  least  untrue,  which  is,  at 

some  time  or  other,  an  almost  inevitable  condition,  the  piston  is 

pushed  with  great  force  against  the  side  of  the  cylinder,  whereby  a 

^ge  amount  of  wear  and  friction  is  occasioned.     The  trunnion 

^^^arings,  instead  of  being  liable  to  heat  like  other  journals,  are 

*^^pt  down  to  the  temperature  of  the  steam  by  the  flow  of  steam 

P^ing  through  them ;  and  the  trunnion  packings  are  not  liable  to 
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leak  when  the  packings,  before  being  introduced,  are  squeezed  in  a 
cylindrical  mould. 

Q,  Might  not  the  eduction  trunnions  be  immersed  in  water? 

A,  In  some  cases  a  hollow,  or  lantern  brass,  about  one-third 
or  one-fourth  the  length  of  the  packing  space,  and  supplied  with 
steam  or  water  by  a  pipe,  has  been  introduced  in  the  middle  of  the 
packing,  so  that  if  there  were  any  leakage  through  the  trunnion,  it 
would  be  a  leakage  of  steam  or  water,  which  would  not  vitiate  the 
vacuum.  But  in  ordinary  cases  this  device  is  not  necessary,  and  it 
is  not  commonly  employed.  It  is  clear  that  there  can  be  no  buck- 
ling of  the  sides  of  the  cylinder  by  the  strain  upon  the  trunnions, 
if  the  cylinder  be  made  strong  enough,  and  in  cylinders  of  the 
ordinary  thickness  such  an  action  has  never  been  experienced. 
Nor  is  it  the  fact,  that  the  intermediate  shaft  of  steam  vessels,  to 
which  part  alone  the  motion  is  communicated  by  the  engine, 
requires  to  adapt  itself  to  the  altering  forms  of  the  vessel,  as  the 
engine  and  intermediate  shaft  are  rigidly  connected,  although  the 
paddle  shafts  require  to  be  capable  of  such  an  adaptation.  Even 
if  this  objection  existed,  however,  it  could  easily  be  met  by  making 
the  crank  pin  of  the  ball  and  socket  fashion,  which  would  permit 
the  position  of  the  intermediate  shaft,  relatively  with  that  of  the 
cylinder,  to  be  slightly  changed,  without  throwing  an  undue  strain 
upon  any  of  the  working  parts. 

g.  Is  the  trunk  engine  inferior  to  the  oscillating  ? 

A.  A  very  elegant  and  efficient  arrangement  of  trunk  engine 
suitable   for  paddle  vessels  has  sometimes  been  employed  b^^^ 
Messrs.  Rennie,  of  which  all  the  parts  resemble  those  of  Penn* 
oscillating  engine  except  that  the  cylinders  are  stationary  instea 
of  being  movable  ;  and  a  round  trunk  or  pipe  set  upon  the  pistor< 
and  moving  steam-tight  through  the  cylinder  cover,  enables 
connecting  rod  which  is  fixed  to  the  piston  to  vibrate  within  it 
the  requisite  extent.     But  the  vice  of  all  trunk  engines  is  that  thr 
are  necessarily  more  wasteful  of  steam,  as  the  large  mass  of  me^. 
entering  into  the  composition  of  the  trunk,  moving  as  it  d< 
alternately  into  the  atmosphere  and  the  steam,  must  cool  and 
dense  a  part  of  the  steam.    The  radiation  of  heat  from  the  intei 
of  the  trunk  will  have  the  same  operation,  though  the  loss  from  IT  Jiis       ^ 
cause  might  probably  be  reduced  by  lining  the  trunk  with  wooA*  / 

Q.  What  species  of  screw  engine  do  you  consider  the  best  ^  J  ^ 

A.  If  the  engine  has  to  be  kept  below  the  water  line  I  am       }  < 
inclined  to  give  the  preference  to  the  variety  of  the  horizontai       v '^ 
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steeple  engine,  first  used  in  H.M.S.  *  Amphion,'  and  of  which  a 
representation  has  already  been  given  in  fig.  57,  which  represents 
one  of  the  engines  of  the  French  war  steamer  *  Friedland/  In 
this  engine  the  cylinders  lie  on  their  sides,  and  they  are  placed 
near  the  side  of  the  vessel  with  their  mouths  pointing  towards  the 
keeL  From  each  cylinder  two  long  piston  rods  proceed  across  the 
vessel  to  a  cross  head  working  in  guides  ;  and  from  this  cross  head 
a  connecting  rod  returns  back  to  the  centre  of  the  vessel  and  gives 
motion  to  the  crank.  The  piston  rods  are  placed  in  the  piston 
diagonally,  and  one  of  them  passes  above  the  crank  shaft,  and  the 
other  below  the  crank  shaft.  The  cross  head  lies  in  the  same 
horizontal  plane  as  the  centre  of  the  cylinder,  and  a  lug  projects 
upw^ards  from  the  cross  head  to  engage  one  piston  rod,  and  down- 
wards from  the  cross  head  to  engage  the  other  piston  rod.  The 
air  pump  is  double-acting,  and  its  piston  or  bucket  has  the  same 
stroke  as  the  piston  of  the  engine.  The  air-pump  bucket  derives 
its  motion  from  an  arm  on  the  cross  head,  and  a  similar  arm  is 
usually  employed  in  engines  of  this  class  to  work  the  feed  and 
bilge  pumps.  For  mercantile  purposes,  where  the  engine  has  not 
to  be  kept  below  the  water  line,  the  inverted  engine  is  perhaps  the 
form  to  be  preferred. 

(2-  Is  not   inconvenience  experiencec.  in  direct-acting  screw 
Engines  from  the  great  velocity  of  their  motion  1 

A.  Not  if  they  are  properly  constructed ;  but  they  require  to 

l>c  much  stronger,  to  be  fitted  with  more  care,  and  to  have  the 

l>earing  surfaces  much  larger  than  is  necessary  in  engines  moving 

slowly.     The  momentum  of  the  reciprocating  parts  should  also  be 

l>alanced  by  a  weight  applied  to  the  crank.    A  very  convenient 

3jTangement  for  obtaining  surface  is  to  form  the  crank  of  each 

Engine  of  two  iron  or  steel  discs  cast  with  heavy  sides,  the  excess 

of  weight  upon  the  heavy  sides  being  nearly  equal  to  that  of  the 

I>iston  and  its  connections.     When  the  piston  is  travelling  in  one 

<iirection,  the  weights  are  travelling  in   the  opposite;  and  the 

momentum  of  the  piston  and  its  attachments,  which  is  arrested 

^X  each  reciprocation,  is  just  balanced  by  the  equal  and  opposite 

'Homentum   of  the  weights.     One   advantage  of   the  horizontal 

engine  is,  that  a  single  engine  may  be  employed  in  small  vessels, 

^hereby  greater  simplicity  of  the  machinery  and  greater  economy 

^  fiiel  will  be  obtained,  since  there  will  be  less  radiating  surface 

^li  one  cylinder  than  in  two.     Theie  will  also  be  no  liability  with 

^e  engine  of  the  parts  of  one  being  broken  by  the  other. 
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CYLINDERS,  PISTONS,  AND  VALVES. 

^  Is  it  a  beneficial  practice  to  make  cylinders  with  steam 
jackets  ? 

A.  In  Cornwall,  where  great  attention  is  paid  to  economy  of 
fuel,  all  the  engines  are  made  with  steam  jackets,  and  in  some 
cases  a  flue  has  been  carried  spirally  round  the  cylinder,  for  keeping 
the  steam  hot.  But  smoke  is  not  so  effective  a  heater  as  steam. 
Mr.  Watt  in  his  early  practice  discarded  the  steam  jacket  for  a 
time,  but  resumed  it  again,  as  he  found  its  discontinuance  occa- 
sioned a  perceptible  waste  of  fiiel ;  and  in  modem  engines  it  has 
been  found  that  where  a  jacket  is  used  about  lo  per  cent.  less  coal 
is  consumed  than  where  the  use  of  a  jacket  is  rejected.  The  cause 
of  this  at  one  time  was  not  of  very  easy  perception,  for  the  jacket 
exposes  a  larger  radiating  surface  for  the  escape  of  the  heat  than 
the  cylinder ;  but  since  Joule's  researches  the  result  is  known  to 
be  consequent  on  the  superior  economy  of  high  temperatures  in 
the  production  of  power,  and  the  heat  of  the  jacket  keeps  up  the 
volume  of  the  expanding  steam  within  the  cylinder  in  engines 
working  expansively.  The  exterior  of  the  cylinder,  or  jacket, 
should  be  covered  with  several  plies  of  felt,  and  then  be  cased  in 
timber,  which  must  be  in  narrow  planks,  the  boards  being  first 
dried  in  a  stove,  and  then  bound  round  the  cylinder  with  hoops, 
like  the  staves  of  a  cask.  In  many  engines  the  steam  is  let  into 
chambers  formed  in  the  cylinder  cover  and  cylinder  bottom,  for 
the  further  economisation  of  the  heat,  and  the  cylinder  stuffing- 
box  is  made  very  deep,  and  a  lantern  or  hollow  brass  is  sometimes 
introduced  into  the  centre  of  the  packing,  into  which  brass  the 
steam  gains  admission  by  a  pipe  provided  for  the  purpose  ;  so  that 
in  the  event  of  the  packing  becoming  leaky,  it  will  be  steam  that 
will  be  leaked  into  the  cylinder  instead  of  air,  which,  being  incon- 
densable, would  impair  the  efficiency  of  the  engine.  A  lantern 
brass,  of  a  similar  kind,  has  sometimes  been  introduced  into  the 
stuffing-boxes  of  oscillating  engines,  but  its  use  there  has  been  to 
receive  the  lateral  pressure  of  the  piston  rod,  and  thus  take  any 
strain  off  the  packing. 

Q,  Will  you  explain  the  proper  course  to  pursue  in  the  produc- 
tion of  cylinders  ? 

A.  In  all  engines  the  valve  casing,  if  made  in  a  separate  piece 
from  the  cylinder,  should  be  attached  by  means  of  a  metallic  joint, 
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as  such  a  barbarism  as  a  rust  joint  in  such  situations  is  no  longer 
permissible.     In  the  case   of  large  engines  with  valve  casings 
suitable  for  long  D  slides,  an  expansion  joint  in  the  valve  casing 
was  inserted,  otherwise  the  steam,  by  gaining  admission  to  the 
valve  casing  before  it  could  enter  the  cylinder,  expanded  the  casing 
while  the  cylinder  remained  unaltered  in  its  dimensions,  and  the 
joints  were  damaged,  and  in  some  cases  the  cylinder  was  cracked 
by  the  great  strain  thus  introduced.     Long  D  valves,  however, 
have  now  gone  out  of  use.     The  chest  of  the  blow-through  valve 
is  very  commonly  cast  upon  the  valve  casing ;  and  in  engines 
where  the  cylinders  are  stationary  this  is  the  most   convenient 
practice.    All  engines,  where  the  valve  is  not  of  such  a  construction 
as  to  leave  the  face  when  a  pressure  exceeding  that  of  the  steam 
is  created  within  the  cylinder  by  priming  or  otherwise,  should  be 
provided  with  an  escape  valve  at  each  end  to  let  out  the  water, 
and  such  valve  should  be  so  constructed  that  the  water  cannot  fly 
out  with  violence  over  the  attendants  ;  but  it  should  be  conducted 
away  by  a  suitable  pipe  to  a  place  where  its  discharge  can  occa- 
sion no  inconvenience.     The  stuffing-boxes  of  all  engines  which 
cannot  be  stopped  frequently  to  be  repacked  should  be  made  very 
deep  :  metallic  packing  in  the  stuffing-box  has  been  used  in  some 
engines,  consisting  in  most  instances  of  one  or  more  rings,  cut, 
sprung,  and  slipped  upon  the  piston  rod  before  the  cross  head  is 
put  on,  and  packed  with  hemp  behind.     This  species  of  packing 
•answers  very  well  when  the  piston  rod  is  free  from  scratches,  and 
it  accomplishes  a  material  saving  of  tallow.     In  some  cases  a  piece 
of  sheet  brass,  packed  behind  with  hemp,  has  been  introduced 
'^nth  good  effect,  a  flange  being  turned  over  on  the  under  edge  of 
ttie  brass  to  prevent  it  from  slipping  up  or  down  with  the  motion 
of  the  nxL    The  sheet  brass  speedily  puts  an  excellent  polish  upon 
^lie  rod,  and  such  a  packing  is  more  easily  kept,  and  requires  less 
'tallow  than  where  hemp  alone  is  employed.     In  side  lever  marine 
engines  the  attachments  of  the  cylinder  to  the  diagonal  stay  were 
S^enerally  made  of  too  small  an  area,  and  the  flanges  were  made 
too  thick.    A  very  thick  flange  cast  on  any  part  of  a  cylinder  en- 
dangers the  soundness  of  the  cylinder,  by  inducing  an  unequal 
^contraction  of  the  metal  in  cooling. 

Q,  In  what  way  are  the   steam  jackets  of  engines  usually 
formed  ? 

A,  The  general  practice  is  to  cast  the  cylinder  of  strong,  tough 
^^^^ttal,  and  to  cast  a  liner  or  bush  a  little  smaller  than  the  cylinder 
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of  the  hardest  metal  that  can  be  got.  The  cylinder  has  a  ledge' 
projecting  inward  about  \  an  inch  and  a  few  inches  deep  near  the 
mouth,  and  an  annular  recess  suitable  for  the  reception  of  a  dange 
projecting  a  few  inches  inward  at  the  bottom.  The  bush  is  formed 
like  ait  open  pipe  with  a  ring  a  few  inches  deep  projecting  out watds 
near  the  top  and  a  flange  projecting  inward  a  few  inches,  tound 
the  bottom.  The  cylinder  mouth  is  bored  out,  as  also  the  annular 
recess  at  the  bottom.  The  corresponding  parts  of  the  bush  are 
accurately  I umed,  and  the  liner,  lieing  dropped  into  the  cylinder,  is 
securely  boiled  thereto  by  the  bottom  internal  flange,  and  also  fits 
accurately  round  the  mouth  by  reason  of  the  projecting  ledges  left 
at  that  part.  A  small  portion  of  this  fitting  surface  at  the  moub 
is  widened  out  so  as  to  constitute  a  sort  of  stu Sing-box,  into  which 
a  copper  wire  is  spirally  caulked  until  several  tiums  of  the  wire 
have  been  thus  forced  in,  ard  (inally  a  flat  iron  ring  is  screwed 
down  upon  the  end  of  the  liner  to  keep  the  copper  wire  in.  A 
yam  of  asbestos  is  sometimes  used  instead  of  the  coppicT  wire,  or 
in  addition  thereto,  the  purpose  of  both  arrangements  being  to 
form  a  slipping  joint  at  this  point,  so  that,  if  the  cylinder  and  the 
liner  should  expand  unequally,  a  small  amount  of  motion  here  will 
avert  any  injurious  strain  upon  the  fitted  parts.  It  is  only  a  small 
portion  at  the  ends  of  the  liner  that  has  to  be  turned,  and  a  small 
portion  at  the  ends  of  the  cylinder  that  has  to  be  bored.  The 
intervening  surfaces,  being  at  a  lower  level,  are  left  rough,  and  the 
space  lying  between  Ihe  rough  surfaces  constitutes  the  jacket 
Of  course  the  bush  is  accurately  bored  out  in  the  interior,  as  ' 
it  the  piston  is  fitted. 

Q.  Can  this  bush,  once  it  has  been  placed  within  the  cyHi 
be  afterwards  removed  ? 

A.  It  may.  By  undoing  the  bolts  which  tie  the  internal  flange 
of  the  bush  to  the  cylinder  the  bush  may  be  drawn  out.  la  some 
cases  these  bolts,  being  countersunk  to  clear  ihe  piston,  have  been 
formed  with  heads  like  screw  nails.  But  when  thus  formed  it  is 
difficult  to  screw  the  joint  well  up,  and  also  difficult  to  take  out 
the  bolls  again.  It  is  better  to  form  the  bolts  with  hexagon  heads 
and  to  recess  them  into  the  thickness  of  the  flange,  so  that  they 
may  be  turned  by  a  box  key.  It  is  also  better  to  form  these  bolK 
of  gun-meta!,  as  such  bolts  do  not  get  rusted  in. 

Q.  Which  is  the  most  eligible  species  of  piston  .■' 

A,  For  large  engines,  pistons  with  a  metallic  packing,  consistirig 
of  a  single  ring,  with  the  ends  morticed  into  one  another,  and/ 
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pierre  of  metal  let  in  flush  over  the  joint  and  riveted  lo  one  end  of 
[he  ring,  appears  to  be  the  best  species  of  piston.  It  will  be  ex- 
pedient to  make  the  vertical  joints  of  the  ends  of  the  ring  run  a 
little  obliquely,  so  as  to  prevent  the  joint  from  forming  a  ridge  in 
the  cylinder.  For  small  pistons  two  rings  may  be  employed, 
made  somewhat  eccentric  internally  by  givinga  greater  thickness  of 
metal  in  the  centre  of  the  ring.  These  rings  must  be  set  one  above 
the  other  in  the  cylinder,  and  the  joints,  nhich  are  oblique,  must 
be  set  at  right  angles  with  one  another,  so  as  to  pre^■ent  leakage, 
and  also  to  obviate  any  disposition  of  the  rings,  in  their  expansion, 
to  wear  the  cylinder  oval  The  rings  must  first  be  turned  a  little 
larger  than  the  diameter  of  the  cylinder,  and  a  piece  is  then  to  bfl 
cut  out,  so  that  when  the  ends  are  brought  together  the  ring  will 
just  ejiter  within  the  cylinder.  The  ring,  while  retained  in  a  state 
of  compression,  is  then  to  be  put  in  the  lathe  and  turned  very 
traly,  and  finally  it  is  to  be  hammered  on  the  inside  with  the  small 
end  of  the  hammer,  to  expand  the  metal,  and  thus  increase  the 
elasticity. 

Q.  The  rings  should  be  carefully  fitted  to  one  another  laterally  ? 

A.  The  rings  are  to  be  fitted  laterally  lo  the  piston,  and  to  one 
another,  by  scraping— a  steady  pin  being  fixed  upon  the  flange  of 
the  piston,  and  fitting  into  a  corresponding  hole  in  the  lower  ling, 
to  keep  the  lower  ring  from  turning  round  ;  and  a  similar  pin 
being  fixed  into  the  top  edge  of  the  lower  ring  to  prevent  the 
upper  ring  from  turning  round.  But  the  holes  into  which  these 
pins  61  must  be  made  oblong,  to  enable  the  rings  lo  press  outward 
as  the  rubbing  surfaces  wear.  In  most  cases  it  will  be  expedient 
to  press  the  packing  rings  out  with  springs  where  they  are  not 
packed  behind  with  hemp,  and  the  springs  should  be  made  vcrj- 
stiong,  as  (he  prevailing  fault  of  springs  is  their  weakness.  SotnC' 
limes  short,  bent  springs,  set  round  at  regular  intervals  between 
the  packing  rings  and  body  of  the  piston,  are  employed,  the  centre 
of  each  spring  being  secured  by  a  steady  pin  or  bolt  screwed  into 
the  side  of  the  pbton  ;  but  it  will  not  signify  mtich  what  kind  of 
spring  is  used,  provided  they  have  sufficient  tension.  When 
pistons  are  made  of  a  single  ring,  or  of  a  succession  of  single  rings, 
the  strength  of  each  ring  should  be  tested  prexinusly  10  its  iniro- 
doction  into  the  piston,  by  means  of  a  lever  loaded  by  a  heavy 

Q,   How  should  the  piston  rod  be  secured  to  Ihc  piston  ? 

A.  The  piston  rod,  where  it  liis  a  taper  eye  in  the  piston,  sKuuld 
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have  a  good  deal  of  laper ;  for,  if  ihe  taper  be  loo  small,  the  rod 
will  be  draivn  through  the  hole,  and  the  piston  will  be  split  asunder. 
Small  grooves  are  sometimes  turned  out  of  the  piston  rod  above 
and  below  the  cutter  hole,  nnd  hemp  is  introduced  in  order  to 
make  Ihe  piston  eye  tight.  Many  piston  rods  are  fixed  to  the 
piston  by  means  of  a  gib  and  cutter,  but  in  some  cases  ihe  upper 
portion  of  the  rod  within  the  eye  is  screwed,  and  il  is  fixed  into 
the  piston  by  means  of  an  indented  nut. 

Q.  Which  is  the  most  beneficial  construction  of  slide  valve  ? 

A.  The  best  construction  of  shde  valve  appears  lo  be  th^t 
which  consists  of  a  three-ported  valve,  to  the  back  of  which  a  ring 
is  applied  of  an  area  equal  to  that  of  the  exhaustion  port,  and 
which,  by  bearing  sleam-light  against  the  back  of  the  valve,  so 
that  a  vacuum  may  be  maintained  within  the  ring,  puts  the  valve 
in  equilibrium,  so  that  it  may  be  moved  with  an  inconsiderablt 
exercise  of  force.  The  back  of  the  valve  casing  is  put  on  like  i 
door,  and  into  it  n  ring  is  indented,  which  is  kept  tight  against  ilie 
back  of  the  valve  by  means  of  scrcns.  In  locomotive  engines  the 
valve  universally  employed  is  the  common  three-ported  valve. 

Q.  Then  the  equilibrating  ring  should  be  attached  to  the  valve 
casing  instead  of  to  the  valve  itself? 

A.  It  should;  and  that  method  of  construction,  ftrsl  inlroducfil 
by  myself  in  1857,  and  subsequently  employed  in  the  case  of  ^ 
engines  constructed  under  my  direction  by  Messrs.  Rennie,  la  H 
very  generally  adopted,  and  is  to  be  preferred,  as  it  enables  A 
ring  to  be  tightened  against  the  back  of  the  valve  while  the  ei 
is  at  work.  An  example  nf  this  species  of  valve  is  given  in  fig.  8 
s  of  ihe  casing  10  which  the  steam  b( 
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free  access,  and  B  r  are  the  edu 
ports,  D  is  the  valve  rod,  e  K  a 


/alve  iiilh  inlcrtK«eil  Slitingi. 

lion  outlets,  c  c  are  the  cylind^^ 
:  the  door  or  cover  of  ihe  vaJi*''''^ 
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casing,  and  a  a  are  screws  which  press  spiral  springs,  which  press 
the  indented  ring  down  upon  the  valve.  Springs  are  interposed  be- 
tween the  ring  and  the  points  of  the  bolts,  so  that  the  valve  may  be 
enabled  to  leave  its  face,  and  thus  let  out  the  water  should  priming 
occur.  This  valve  is  what  is  termed  a  gridiron  valve,  by  which  is 
understood  an  arrangement  whereby  each  cylinder  port  is  split 
into  two  or  more  narrow  ports,  and  the  corresponding  valve  face  is 
split  into  two  or  more  narrow  faces  ;  and  these  narrow  ports  being 
simultaneously  opened  and  closed  by  their  respective  narrow  faces, 
the  necessary  area  of  port  is  obtained  with  a  small  amount  of 
travel  in  the  valve.  In  modem  engines  of  large  size  gridiron 
valves  are  usually  employed ;  and  the  equilibrium  ring  should  in 
all  cases  be  recessed  into  the  door  of  the  valve  casing  with  inter- 
posed springs,  which  will  enable  the  valve  to  leave  the  face  should 
priming  occur  ;  to  which  end  the  annulus  which  holds  the  ring 
should  not  itself  come  down  as  far  as  the  back  of  the  valve,  but 
the  ring  should  be  made  deep  and  projecting  well  beyond  its  con- 
taining annulus,  so  that  the  valve  shall  be  enabled  to  leave  the 
face  when  the  springs  are  compressed.  For  direct-acting  screw 
engines  this  species  of  valve  is  now  extensively  used. 

2-  Will  you  describe  the   expedient   by  which   the  valve  is 
moved? 

A,  The  valve  is  moved  by  an  eccentric;  and  formerly, in  marine 

engines,  whether  paddle  or  screw,  if  moving  at  a  slow  rate  of 

speed,  the  eccentric  was  generally  loose  upon  the  shaft,  for  the 

purpose  of  backing,  and  was  furnished  with  a  back  balance  and 

Catches,  so  that  it  might  stand  either  in  the  position  for  going 

ahead,  or  in  that  for  going  astfem.     The  body  of  the  eccentric  was 

of  cast  iron,  and  was  put  on  the  shaft  in  two  pieces.    The  halves 

>vcre  put  together  with  rebated  joints  to  keep  them  from  separating 

l«iterally,  and  they  were  prevented  from  sliding  out  by  round  steel 

pins,  each  ground  into  both  halves.     Square  keys  would  probably 

^^^ve  been  preferable  to  round  pins  in  this  arrangement,  as  the 

pins  tended  to  wedge  the  jaws  of  the  eccentric  asunder.     In  some 

^^^^ses  the  halves  of  the  eccentric  were  bolted  together  by  means  of 

^^Bgcs,  which  is,  perhaps,  the  preferable  practice. 

Q.  Are  such  eccentrics  used  in  direct-acting  screw  engines  ? 

A.  No ;  direct-acting  screw  engines  are  usually  fitted  with  the 
**^A  motion  and  two  fixed  eccentrics  for  each  engine. 

2.  Of  what  material  is  the  eccentric  hoop  made  ? 

A,  The  eccentric  hoop  in  marine  and  land  engines  is  generally 

sa 
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of  brass:  it  is  expedient  to  cast  an  oil  cup  on  the  eccentric  hoop, 
and,  where  practicable,  a  pan  should  be  placed  beneath  the  eccen- 
tric for  the  reception  of  the  oil  droppings.  The  eccentric  catches 
of  the  kind  formerly  employed  in  marine  engines  sometimes  broke 
off  at  the  first  bolt  hole,  and  it  is  preferable,  where  loose  eccentrics 
are  used,  to  have  a  bolt  in  advance  of  the  catch  face,  or  to  have  a 
hoop  encircling  the  shaft  with  the  catches  welded  on  it,  the  hoop 
itself  being  fixed  by  bolts  or  a  key.  This  hoop  may  either  be  put 
on  before  the  cranks  in  one  piece  or  afterwards  in  two  pieces. 

AIR   PUMP  A\t)  CONDENSER. 

Q.  What  are  the  details  of  the  air  pump  ? 

A,  The  air  pump  barrel  and  bucket  and  guards  are  made  of 
brass  in  modem  marine  engines,  and  the  valves  are  usually  indi^* 
rubber  discs  working  on  grids.  Air-pump  rods  of  Muntz's  mctaJ 
or  copper  are  much  used.  Iron  rods  covered  with  brass  are  gene- 
rally wasted  away  where  the  bottom  cone  fits  into  the  bucket  eye, 
and  if  the  casing  be  at  all  porous,  the  water  will  insinuate  itself 
between  the  casing  and  the  rod  and  eat  away  the  iron.  If  iro** 
rods  covered  with  brass  be  used,  the  brass  casing  should  come 
some  distance  into  the  bucket  eye  ;  the  cutter  should  be  of  brass, 
and  a  brass  washer  should  cover  the  under  side  of  the  eye,  so  as 
to  defend  the  end  of  the  rod  from  the  salt  water.  Rods  of  Muntfs 
metal  arc  probably  on  the  whole  to  be  preferred. 

Q,  What  species  of  packing  is  used  in  air-pump  buckets  ? 

A,  Metallic  packing  has  in  some  instances  been  employed,  bet 
its  success  has  not  been  such  as  to  lead  to  its  further  adoption 
The  packing  commonly  employed  is  hemp,  but  sometimes  wood 
A  deep,  solid  block  of  metal,  however,  without  any  packing,  is  often 
employed  with  a  satisfactory  result ;  but  this  block  should  ba^t 
circular  grooves  cut  round  its  edge  to  hold  water.  Where  bcnip 
packing  is  employed,  the  bucket  should  always  be  made  with  a  ju^^ 
ring,  whereby  the  packing  maybe  easily  screwed  down  at  anytime 
In  slow  moving  engines  the  bucket  valve  is  often  made  of  brass, 
of  the  spindle  or  pot-lid  kind,  but  butterfly  valves  are  somctiD*^ 
used.  The  foot  and  delivery  valves  in  such  engines  are  for  the 
most  part  of  the  flap  or  hanging  kind,  and  are  placed  outside  of  the 
pump.     These  valves  all  make  a  considerable  noise  in  working. 

Q.  Where  is  the  deliver)'  valve  usually  situated  ? 

A,   Some  delivery  valve  seats  are  bolted  into  the  mouth  of  tt* 
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air  pump,  whereby  access  to  the  pump  bucket  is  rendered  difficult ; 
but  more  commonly  the  delivery  valve  is  a  flap  valve  exterior  to 
the  pump.  If  delivery  valve  seats  be  put  in  the  mouth  of  the  air 
pump  at  all,  the  best  mode  of  fixing  them  appears  to  be  that 
adopted  by  Messrs.  Maudslay.  The  top  of  the  pump  barrel  is 
made  quite  fair  across,  and  upon  this  flat  surface  a  plate  containing 
the  delivery  valve  is  set,  there  being  a  small  ledge  all  round  to 
keep  it  steady.  Between  the  bottom  of  the  stuffing-box  of  the 
pump  cover  and  the  eye  of  the  valve  seat  a  short  pipe  extends, 
encircling  the  pump  rod,  its  lower  end  checked  into  the  eye  of  the 
valve  seat,  and  its  upper  end  widening  out  to  form  the  bottom  of 
the  stuffing-box  of  the  pump  cover.  Upon  the  top  of  this  pipe 
some  screws  press,  which  are  accessible  from  the  top  of  the  stuffing- 
box  ^and ;  and  the  packing  also  aids  in  keeping  down  the  pipe, 
the  function  of  which  is  to  retain  the  valve  seat  in  its  place.  When 
the  pump  bucket  has  to  be  examined,  the  valve  seat  may  be  slung 
with  the  cover,  so  as  to  come  up  with  the  same  purchase. 

Q,  Are  air  pumps  sometimes  geared  down  so  as  to  diminish 
the  velocity  of  the  bucket  ? 

A.  That  has  been  done  in  some  cases,  but  the  arrangement  has 
never  come  into  general  use.  Messrs.  Thorneycroft,  in  their  fast 
torpedo-boats,  gear  down  the  feed  pumps  by  driving  them  oflf  a 
worm  wheel,  the  propelling  thread  of  which  is  fixed  on  the  screw 
shaft ;  and  by  this  arrangement  the  feed  pumps  are  found  to  work 
noiselessly.  With  the  same  object  they  give  a  very  short  stroke 
to  the  air-pump  bucket,  and  hence,  even  with  very  high  speeds  of 
engine,  the  air-pump  bucket  is  not  driven  with  an  inconvenient 
velocity. 

Q.  What  other  arrangements  for  diminishing  the  shock  have 
^>ccn  propounded  ? 

A,  In  some  cases  where  the  pistons  have  been  driven  very 
^^^  the  air  pump  has  been  worked  by  an  independent  engine, 
^hich  may  be  driven  at  any  convenient  velocity.  It  has  also  been 
P^posed  to  condense  the  steam  in  the  air  pump,  and  to  let  the 
Condensing  water  both  into  and  out  of  the  pump  by  a  slide  valve 
^"^ich  would  work  without  shock. 

2.  Would  such  an  arrangement  be  suitable  in  the  case  of  a 
*^ace  condenser  ? 

A.  In  the  case  of  a  surface  condenser  the  water  with  which 
^c  condensation  is  performed  would  have  to  be  cooled  by  being 
P^sed    through    thin     pipes    with     cold    water    outside    them. 
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Symington  and  Bowie,  the  son  and  son*in-law  of  the  Symingt 
who  made  the  first  steamboal  engine,  made  a  trial  of  this  principle 
in  the  steamer  '  City  of  Londonderry"  about  1835.  But  the  pipes 
which  were  placed  outside  ihc  vessel  were  supposed  lo  impede  her 
progress,  and  hence  they  were  removed.  The  condensation,  how. 
ever,  was  properly  performed,  and  it  was  found  that  after  the  pipes 
had  been  removed,  the  speed  of  the  vessel  was  not  increased- 

.-  -  Q.  Are  not  air-putnp  vaJve 

now  very  generally  made  of  ii 
dianibber  for  engines  of  e 
class? 

A.  They  are  almost  tJ 
ably  so  made  it  the  engines  J 
travelling  fast,  as  in  tl 
direct -acting  screw  engines,  ij 
they  are  very  often  made  J 
large  discs  or  rings  of  i 
rubber,  even  when  the  e 
travel  slowly.  A  usual  ta 
ment  for  many  purposes  is  thai 
shown  in  fig.  90,  where  Wft 
foot  and  delivery  valves  irt 
situated  in  the  ends  of  tl>e 
pump,  and  ihey,  as  well  os  itr 
valve  in  the  bucket,  arc  m»^' 
of  indiarubber  discs  dtisinit™ 
a  grating.  The  ironk  in  the  =" 
pump  enables  guide  rods  w  ^' 
dispensed  with.  The  rod  ft '" 
which  is  connected  llie  I'"* 
which  gives  motion  10  '''^ 
bucket,  is  of  iron,  and  W  P'' 
vent  corrosion  at  the  end  il" 
brass  nut  C  is  applied  W  ''" 
end  of  it  to  hinder  the  ctnM"' 
of  the  water.  The  guards,  jT"*-" 
and  all  the  other  parts  of  i'" 
pump  are  well-proportioned,  but  the  bucket  is  without  a  junk  ii' 
to  tighten  the  packing,  which  is  a  disadvantage.  This  pump  »'''' 
at  work  is  set  in  a  slightly  inclined  position  to  suit  the  circumstiu^' 
in  which  it  is  placed,  and  the  foot  valve  b  consequently  shnwti  r> ' 
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in  a  horizontal  posiiion,  but  at  a  slight  angle  therewith.    This  cir- 
cumstance, however,  is  immaterial. 

Q,  The  air  pump,  when  double-acting,  has  of  course  inlet  and 

outlet  valves  at  each  end  ? 

A.  Yes ;  and  the  general  arrangement  of  the  valves  of  double- 
acting  air  pumps,  such  as  are  usual  in  direct-acting  screw  engines, 

i^  that  represented  in  the  figure  of  Penn's  trunk  engine,  already 

described  in  Chapter  I.     Each 

inlet   and  outlet  valve  consists 

of    a    number    of    indiarubber 

discs  set  over  a  perforated  brass 

plate,  and  each  disc  is  bound 

down  by  a  bolt  in  the  middle, 

which  bolt  also  secures  a  brass 

guard  set  above  the  disc  to  pre- 
vent it  Uata  rising   too  high. 

Ti  e  usual  configuration  of  those 

valves    is  that    represented  in 

figs-  9I1  9^1  and  93 ;    5gs.  91 

and    92    being  a  section    and 

ground  plan  of  the  species  of 

valve  used  by  Messrs.  Penn,  and 

tig.  93  being  a  section  of  that 

used  by  Messrs.  Maudslay.     It 

is  important  in  these  valves  to 

have  the    indiarubber  thick  — 

say  about    an   inch    thick    for 

valves  eight  inches  in  diameter. 

It  is  also  advisable  to  make  the 

central  bolts  with  a  nut  above 

and  a  nut  below,  and  to  form 

the  bolt    with  a  counter-sunk 

0«ck,  so  tbat    it  will  not  fall 

down  when  the  top  nut  is  re- 

•ttoved.      The    lower    point   of 

the  bolt  should  be  riveted  over 

^  the   nut  to   prevent  it  from 

I      "Oscrewing,  and  the  top  end  should  have  a  split  pin  through  the 

I     Prtnt  for  the  same  purpose.    The  hole  through  which  the  bolt 

I      Panes  should  be  tapped,  though  the  bolt  is  not  screwed  inlo  it,  so 

I     Ititt  if  a  bolt  breaks  a  temporary  stud  may  be  screwed  into  the 
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hole  without  the  necessity  of  taking  out  the  whole  plate.  The 
guard  should  be  large,  else  the  disc  may  stretch  in  the  central  hole 
until  it  comes  over  it ;  but  the  guard  should  not  permit  too  much 
lift  of  the  valve,  else  a  good  deal  of  the  water  and  air  will  return 
into  the  pump  at  the  return  stroke  before  the  valve  shuts. 

Q,  What  is  the  proper  area  through  the  valve  gratings  in 
double-acting  air  pumps  moving  at  a  high  speed  ? 

A,  The  collective  area  should  be  at  least  equal  to  the  area  of 
the  pump  piston,  and  the  lower  edges  of  the  perforations  should 
be  rounded  off  to  afford  more  free  ingress  or  egress  to  the  water. 

Q.  Is  there  much  strain  thrown  on  the  plates  in  which  the 
valves  are  set  ? 

A.  A  good  deal  of  strain ;  and  in  the  earlier  direct-acting  screw 
engines  these  plates  were  nearly  in  every  case  made  too  light 
They  should  be  made  thick,  have  strong  feathers  upon  them,  and 
be  very  securely  bolted  down.  The  plate  will  be  very  apt  to  be 
broken  should  some  of  the  bolts  become  loose.  Of  course  all  the 
bolts  and  split  pins,  as  well  as  the  plates  and  guards,  must  be  d 
brass. 

Q,  How  are  the  plates  to  be  taken  out  should  that  become 
necessary  ? 

A,  They  are  usually  taken  out  through  a  door  in  the  top  of  the 
hot  well  provided  for  that  purpose,  which  door  should  be  as  lai^ge 
as  the  plates  themselves. 

Q.  Of  what  material  are  condensers  usually  made  ? 

A,  Formerly  they  were  always  made  of  cast  iron,  but  now  they 
are  frequently  made  wholly  of  brass. 

Q,  Does  the  double-acting  air  pump,  employed  in  many  hon- 
zontal  direct -acting  screw  engines,  produce  as  good  a  vacuum  as 
the  single-acting  air  pump  usual  in  paddle  engines  ? 

A.  It  will  do  so  if  properly  constructed  ;  but  1  do  not  know  01 
many  double-acting  air  pumps,  with  indiarubber  valves,  which 
have  been  properly  constructed. 

Q.  What  is  the  fault  of  such  pumps  ? 

A,  The  pump  frequently  works  by  starts,  as  if  at  times  it  ^ 
not  draw  at  all,  and  then  again  on  a  sudden  gorged  itself  ^* 
water,  so  as  to  throw  a  great  strain  upon  the  working  parts.  T^ 
vacuum,  moreover,  is  by  no  means  so  good  as  it  should  be,  ^ 
it  is  a  common  vice  of  horizontal  air  pumps  that  the  vacuum  ^ 
defective.  1  have  been  at  some  pains  to  investigate  the  causes 
of  this  imperfection  ;  and  in  a  s^gar-house  engine,  fitted  with 
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pumps  like  those  of  a  horizontal  screw  engine,  to  maintain  a 
vacuum  in  the  pans,  I  found  that  a  better  vacuum  was  produced 
when  the  engine  was  going  slowly  than  when  it  was  going  fast, 
which  is  quite  the  reverse  of  what  was  to  have  been  expected,  as 
the  hot  water  which  had  to  be  removed  by  the  condensation  of  the 
steam  proceeding  from  the  pan  was  a  constant  quantity.  In  this 
engine,  too,  which  was  a  high-pressure  one,  the  irregularities  of 
the  motion  consequent  upon  the  fitful  catching  of  the  water  by  the 
pump,  were  more  conspicuous,  as  the  working  of  this  vacuum  pump 
was  the  only  work  that  the  engine  had  to  perform. 

Q.  And  were  you  able  to  discover  the  cause  of  these  irregu- 
larities ? 

A,  The  main  cause  of  them  I  found  to  be  the  largeness  of  the 
space  left  between  the  valve  plates  in  this  class  of  pumps,  and  out 
oif  which  there  is  nothing  to  press  the  air  or  water  which  may  be 
lying  there.  It  consequently  happens,  that  if  there  be  the  slightest 
leakage  of  air  into  the  pump,  this  air  is  merely  compressed,  and 
not  expelled,  by  the  advance  of  the  air-pump  piston.  It  expands 
again  to  its  former  bulk  on  the  return  of  the  pump  piston,  and  pre- 
vents the  water  from  entering  until  there  is  such  an  accumulation 
of  pressure  in  the  condenser  as  forces  the  water  into  the  pump, 
^hen  the  air,  being  expelled  by  the  water,  causes  a  good  vacuum 
to  be  momentarily  formed  in  the  pump,  when  it  gorges  itself  by 
taking  a  sudden  gulp  of  water.  So  soon,  however,  as  the  pressure 
Calls  in  the  condenser  and  some  more  air  leaks  into  the  pump,  the 
ibrmer  imperfect  action  recurs  and  is  again  redressed  in  the  same 
violent  manner. 

Q.  Is  this  irregular  action  of  the  pump  the  cause  of  the  imper- 
fect vacuum  ? 

A.  It  is  one  cause.  Sometimes  one  end  of  the  pump  will  alone 
^Iraw  and  the  other  end  will  be  inoperative,  although  it  is  equally 
open  to  the  condenser,  and  this  will  chiefly  take  place  at  the  stuff- 
ing-box end,  where  a  leakage  of  air  is  more  likely  to  occur.  I  find 
«owever,  that  even  when  both  ends  of  the  pump  are  acting  equally, 
^Jid  there  is  no  leakage  of  air  at  all,  the  vacuum  maintained  by  a 
^^ble-acting  horizontal  pump  with  indiarubber  valves  is  not  so  good 
^  that  maintained  by  a  single-acting  pump  of  the  kind  usual  in  old 
**igines. 

2.  VVill  you  specify  more  precisely  what  were  the  results  you 
^buined  ? 

A.  When  the  vacuum  pan  was  exhausted  by  the  pumps  without 
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any  boiling  being  carried  on  in  the  pan,  but  only  a  little  cold  water 
being  let  into  it,  and  also  into  the  pumps  to  enable  them  to  act  in 
their  best  manner,  it  was  found  that,  whereas  with  the  old  pump  a 
vacuum  of  1 14  on  the  sugar-boiler's  gauge  could  be  readily  obtained, 
equal  to  about  29^  inches  of  mercury,  the  lowest  that  could  possibly 
be  got  with  the  new  horizontal  pump  was  122  degrees  of  the  sugar- 
boiler's  gauge,  or  29  inches  of  mercury,  and  to  get  that  the  engine 
must  not  go  faster  than  10  or  12  strokes  per  minute.  The  proper 
speed  of  the  engine  was  75  strokes  per  minute,  but  if  allowed  to  go 
at  that  speed  the  vacuum  fell  to  130  of  the  sugar-maker's  gauge,  or 
28 i  inches  of  mercury.  When  the  steam  was  let  into  the  worms 
of  the  pan  so  as  to  boil  the  water  in  it,  the  vacuum  was  134  at  75 
revolutions  of  the  engine,  and  went  down  to  132  at  40  revolutions, 
but  rose  again  to  135,  equal  to  about  28^  inches  of  mercury  at  20 
revolutions. 

Q,  To  what  do  you  attribute  the  circumstance  of  a  better  vacuum 
being  got  at  low  speeds  than  at  high  speeds  ? 

A,  It  is  difficult  to  assign  the  precise  reason,  but  it  appears  to  be 
a  consequence  of  the  largeness  of  the  vacant  space  between  the 
valve  plates.  When  the  piston  of  the  air-pump  is  drawn  back,  the 
air  contained  in  this  large  collection  of  water  will  cause  it  to  boil  up 
like  soda  water  ;  and  when  the  piston  of  the  pump  is  forced  forward, 
this  air,  instead  of  being  expelled,  will  be  again  driven  into  the  water. 
There  will  consequently  be  a  quantity  of  air  in  the  pump  which 
cannot  be  got  rid  of  at  all,  and  which  will  impair  the  vacuum  as  a 
matter  of  course. 

Q.  What  expedient  did  you  adopt  to  improve  the  vacuum  in 
the  engine  to  which  you  have  referred  ? 

A,  I  put  blocks  of  wood  on  the  air-pump  piston,  which  at  the 
end  of  its  stroke  projected  between  the  valve  plates  and  forced  the 
water  out.  I  also  introduced  a  cock  of  water  at  each  end  of  the 
pump  between  the  valve  plates,  to  insure  the  presence  of  water  at 
each  end  of  the  pump  to  force  the  air  out  With  these  amclio^* 
tions  the  pump  worked  steadily,  and  the  vacuum  obtained  became 
as  good  as  in  the  old  pump.  I  had  previously  introduced  an  injc^' 
tion  cock  into  each  end  of  the  air  pump  in  steam  vessels,  frf)^ 
which  I  had  obtained  advantageous  results ;  and  in  all  horizontal 
air  pumps  I  would  recommend  the  piston  and  valve  plates  to  be  so 
constructed  that  the  whole  of  the  water  will  be  expressed  by  the 
piston.  I  would  also  recommend  an  injection  cock  to  be  introduced 
at  each  end  of  the  pump. 
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PUMPS,  COCKS,  AND   PIPES. 

Q.  Will  you  explain  the  arrangement  of  the  feed  pump  ? 

^.  In  steam  vessels,  the  feed-pump  plunger  is  always  of  brass, 

and  the  barrel  of  the  pump  is  generally  of  brass.     There  should  be 

a  considerable  clearance  between  the  bottom  of  the  plunger  and 

the  bottom  of  the  barrel  in  the  case  of  engines  without  surface 

condensation  and  operating  by  injection,  as  otherwise  the  bottom 

of  the  barrel  may  be  knocked  out,  should  coal  dust  or  any  other 

foreign  substance  gain  admission,  as  it  probably  would  do  if  the 

injection  water  were  drawn  at  any  time  from  the  bilge  of  the  vessel, 

as  is  usually  done  if  the  vessel  springs  a  leak  or  ships  much  water. 

The  valves  of  the  feed  pump  in  marine  engines  are  generally  of  the 

spindle  kind,  and  are  most  conveniently  arranged  in  a  chest,  which 

may  be  attached  in  any  accessible  position  to  the  side  of  the  hot 

welL     There  are  three  side  nozzles  upon  this  chest,  of  which  the 

lowest  one  leads  to  the  pump,  and  the  middle  one  to  the  boiler. 

The  pipe  leading  to  the  pump  is  a  suction  pipe  when  the  plunger 

ascends,  and  a  forcing  pipe  when   the  plunger  descends.     The 

plunger  in  ascending  draws  the  water  out  of  the  hot  well  through 

the  lowest  of  the  valves,  and  in  descending  forces  it  through  the 

centre  valve  into  the  space  above  it,  which  communicates  with  the 

£eed  pipe.     Should  the  feed  cock  be  shut  so  as  to  prevent  any  feed 

'«*'ater  from  passing  through  it,  the  water  will  raise  the  topmost 

Valve,  which  is  loaded  to  a  pressure  considerably  above  the  pressure 

of  the  steam,  and  escape  back  into  the  hot  well. 

Q,  Will  you  describe  what  precautions  are  to  be  observed  in 
tlie  construction  of  the  cocks  used  in  engines } 

A.  All  the  cocks  about  an  engine  should  be  provided  with  bot- 
toms and  stuffing-boxes,  and  reliance  should  never  be  placed  upon 
^  single  bolt  passing  through  a  bottom  washer  for  keeping  the 
plug  in  its  place,  in  the  case  of  any  cock  communicating  with  the 
^>oilcr ;  for  a  gfreat  strain  is  thrown  upon  that  bolt  if  the  pressure 
^  the  steam  be  high,  and  if  the  plug  be  made  with  much  taper  ; 
^Jid  should  the  bolt  break,  or  the  thread  strip,  the  plug  will  fly  out, 
^d  persons  standing  near  may  be  scalded  to  death.     In   large 
^^ks,  it  appears   the   preferable   plan   to  cast  the   bottoms  in  ; 
^  the  metal  of  which  all  the  cocks  about  a  marine  engine  are 
^de  should   be   of  the  same  quality  as   that  used  in  the  com- 
position  of  the  brasses,  and   should   be   without   lead,  or  other 
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deteriorating  material.     In  some  cases  the  bottoms  of  cocks  are 
burnt  in  with  hard  solder,  but  this  method  cannot  be  depended 
upon,  as  the  solder  is  softened  and  wasted  away,  and  in  time  the 
bottom  leaks,  or  is  forced  out.     The  stuffing-box  of  cocks  should 
be  made  of  adequate  depth,  and  the  gland  should  be  secured  by 
means  of  four  strong  copper  bolts.     The  taper  of  blow-off  cocks 
is  an  important  element  in  their  construction  ;  as,  if  the  taper 
be  too   great,  the  plugs  will  have  a  continual  tendency  to  rise, 
which,  if  the  packing  be  slack,  will  enable  grit  to  get  between  the 
faces,  while,  if  the  taper  be  too  little,  the  plug  will  be  liable  to  jam, 
and  a  few  times  grinding  will  sink  it  so  far  through  the  shell  that 
the  waterways  will  no  longer  correspond.     One-eighth  of  an  inch 
deviation  from  the  perpendicular  for  every  inch  in  height  is  a  com- 
mon angle  for  the  side  of  the  cock,  which  corresponds  with  one 
quarter  of  an  inch  difference  of  diameter  in  an  inch  of  height ;  but 
perhaps  a  somewhat  greater  taper  than  this,  or  one-third  of  an  inch 
difference  in  diameter  for  every  inch  of  height,  is  a  preferable  pro- 
portion.    The  bottom  of  the  plug  must  be  always  kept  a  smaU  dis- 
tance above  the  bottom  of  the  shell,  and  an  adequate  surface  must 
be  left  above  and  below  the  waterway  to  prevent  leakage.    Cocb 
formed  according  to  these  directions  will  be  found  to  operate  satis- 
factorily in  practice,  while  they  will  occasion  perpetual  trouble  if 
there  be  any  malformation. 

Q.  What  is  the  best  arrangement  and  configuration  of  the  blow- 
off  cocks  ? 

A.  The  blow-off  cocks  of  a  boiler  are  generally  placed  sow* 
distance  from  the  boiler  ;  but  it  appears  preferable  that  they  shouW 
be  placed  quite  close  to  it,  as  else  there  are  no  means  of  shutting 
off  the  water  from  the  blow-off  pipes,  should  fracture  or  leakage 
there  occur.  Every  boiler  must  be  furnished  with  a  blow-off  codt 
of  its  own,  independently  of  the  main  blow-off  cocks  on  the  ship's 
sides,  so  that  the  boilers  may  be  blown  off  separately,  and  may  he 
shut  off  from  one  another.  The  preferable  arrangement  appea'' 
to  be,  to  cast  upon  each  blow-off  cock  a  bend  for  attaching  '^ 
cock  to  the  bottom  of  the  boiler,  and  the  plug  should  stand  about 
an  inch  in  advance  of  the  front  of  the  boiler,  so  that  it  may  be  re- 
moved, or  reground,  with  facility.  The  general  arrangement  oi 
the  blow-off  pipes  is  to  run  a  main  blow-off  pipe  beneath  the  flo* 
plates,  across  the  ship,  at  the  end  of  the  engines,  and  into  this  pip* 
to  lead  a  separate  pipe,  furnished  with  a  cock,  from  each  boiler- 
The  main  blow-off  pipe,  where  it  penetrates  the  ship's  sides,  is  fuf* 
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nished  with  a  cock  ;  and  in  modem  steam  vessels  Kingston's  valves 
are  also  used,  which  consist  of  a  spindle  or  plate  valve,  fitted  to 
the  exterior  of  the  ship,  so  that  if  the  internal  pipe  or  cock  breaks, 
the  external  valve  will  still  be  operative.  Some  expedient  of  this 
kind  is  almost  necessary,  as  the  blow-otf  cocks  require  occasional 
re-grinding,  and  the  sea  cocks  cannot  be  reground  without  putting 
the  vessel  into  dock,  except  by  the  use  of  Kingston's  valves,  or 
some  equivalent  expedient. 

Q.  What  is  the  proper  construction  and  situation  of  the  injec- 
tion cocks,  and  waste  water  valves,  in  the  case  of  engines  condens- 
ing by  a  jet  of  salt  water  ? 

A,  The  sea  injection  cocks  are  usually  made  in  the  same  fashion 
as  the  sea  blow-off  cocks,  and  of  about  the  same  size,  or  rather 
larger.  The  injection  water  is  generally  admitted  to  the  condenser 
by  means  of  a  slide  valve,  but  a  cock  appears  to  be  preferable,  as 
it  is  more  easily  opened,  and  has  not  any  disposition  to  shut  of  its 
own  accord.  In  paddle  vessels  the  sea  injection  pipes  should  be 
put  through  the  ship's  sides  in  advance  of  the  paddles,  so  that  the 
water  drawn  in  may  not  be  injuriously  charged  with  air.  The 
waste  water  pipe  passing  from  the  hot  well  through  the  vessel's 
side  is  provided  with  a  stop  valve,  called  the  discharge  valve,  which 
is  usually  made  of  the  spindle  kind,  so  as  to  open  when  the  water 
coming  from  the  air  pump  presses  against  it.  In  some  cases  this 
valve  is  a  sluice  valve,  but  the  hot  well  is  then  almost  sure  to  be 
split,  if  the  engine  be  set  on  without  the  valve  having  been  opened. 
The  opening  of  the  waste  water  pipe  should  always  be  above  the 
load  water  line,  as  it  will  otherwise  be  difficult  to  prevent  leakage 
through  the  engine  into  the  ship  when  the  vessel  is  lying  in  harbour. 

g.  What  is  the  best  arrangement  of  gauge  cocks  and  glass 
gauges  ? 

A.  Gauge  cocks  are  generally  very  Inartificially  made,  and  oc- 
casion needless  annoyance.  They  are  rarely  made  with  bottoms  or 
^th  stuffing-boxes,  and  in  the  case  of  vessels  using  salt  water  in  the 
boilers  are  consequently,  for  the  most  part,  adorned  with  stalactites 
of  salt  after  a  short  period  of  service.  The  water  discharged  from 
Uiem,  too,  from  the  want  of  a  proper  conduit,  disfigures  the  front 
^the  boiler,  and  adds  to  the  corrosion  in  the  ash  pits.  It  is  a  pre- 
^"CTablc  practice  to  apply  the  K'^'^^c  cocks  and  glass  tube  apper- 
taining to  each  boiler  to  a  single  upright  tube,  connected  suitably 
^^ith  the  boiler,  and  the  water  flowing  from  the  cocks  should  be 
directed  downwards  into  a  fimnel  tube  communicating  with  the 
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bilge.  The  cocks  of  the  glass  tubes,  as  well  as  of  the  gauge 
cocks,  should  be  furnished  with  stuffing-boxes  and  with  bottoms 
unless  the  water  enters  through  the  bottom  of  the  plug,  nhich  in 
gauge  cocks  is  sometimes  the  case.  The  glass  gauge  tubes  should 
always  be  fitted  with  a  cock  at  each  neck  communicating  with  the 
boiler,  so  that  the  water  and  steam  may  be  shut  off  if  the  tube 
breaks ;  and  the  cocks  should  be  so  made  as  to  admit  of  the 
tubes  being  blown  through  with  steam  to  clear  them,  as  in  muddy 
water  they  will  become  so  soiled  that  the  water  cannot  be  seen. 
The  gauge  cocks  frequently  have  pipes  running  up  within  the  boiler, 
to  the  end  that  a  high  water  level  may  be  made  consistent  with  an 
easily  accessible  position  of  the  gauge  cocks  themselves.  With  the 
glass  tubes,  however,  this  species  of  arrangement  is  not  possible,  and 
the  glass  tubes  must  always  be  placed  in  the  position  of  the  water 
level } 

Q.  What  is  the  proper  material  of  the  pipes  in  steam  vessels  ? 

A.  Most  of  the  pipes  of  marine  engines  should  be  made  of 
copper.  The  steam  pipes  and  waste  water  pipes  are  of  copper. 
Cast  iron  blow-off  pipes  have  in  some  cases  been  employed,  but 
they  are  liable  to  fracture,  and  are  dangerous.  The  blow-oflf  and 
feed  pipes  should  be  of  copper,  but  the  waste  steam  pipje  may  be  of 
galvanised  iron.  Every  pipe  passing  through  the  ship's  side,  and 
every  pipe  fixed  at  both  ends,  and  liable  to  be  heated  and  cooled, 
should  be  furnished  with  a  faucet  or  expansive  joint  In  the  dis- 
tribution of  the  faucets  of  the  pipes  exposed  to  pressure,  care  must 
be  taken  that  they  be  so  placed  that  the  parts  of  the  pipe  cannot 
be  forced  asunder,  or  turned  round  by  the  strain,  as  serious  acci- 
dents have  occurred  from  the  neglect  of  this  precaution. 

Q.  What  is  the  best  mode  of  making  pipes  tight  where  they 
penetrate  the  ship's  side  ? 

A,  In  wooden  vessels  the  pipes  where  they  pierce  the  ship's 
sides  should  be  made  tight,  as  follows  : — The  hole  being  cut,  a  short 
piece  of  lead  pipe,  with  a  broad  flange  at  one  end,  should  be  fitted 
into  it,  the  place  having  been  previously  smeared  with  white  lead, 
and  the  pipe  should  then  be  beaten  on  the  inside,  until  it  comes 
into  close  contact  all  around  with  the  wood.  A  loose  flange  should 
next  be  slipped  over  the  projecting  end  of  the  lead  pipe,  to  ipdiich 
it  should  be  soldered,  and  the  flanges  should  both  be  nailed  to  the 
timber  with  scrupper  nails,  white  lead  having  been  previously 
spread  underneath.  This  method  of  procedure,  it  is  clear,  prevents 
the  possibility  of  leakage  down  through  the  timbers ;  and  all. 
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therefore,  that  has  to  be  guarded  against  after  this  precaution,  is  to 
prevent  leakage  into  the  ship.  To  accomplish  this  object,  let  the 
pipe  which  it  is  desired  to  attach  be  put  through  the  leaden  hawse, 
and  let  the  space  between  the  pipe  and  the  lead  be  i)acked  with 
gasket  and  white  lead  to  which  a  little  olive  oil  has  been  added. 
The  pipe  must  have  a  flange  upon  it  to  close  the  hole  in  the  ship's 
side  ;  the  packing  must  then  be  driven  in  from  the  outside,  and  be 
kept  in  by  means  of  a  gland  secured  with  bolts  passing  through 
the  ship's  side.  If  the  pipe  is  below  the  water  line  the  gland  must 
be  of  brass,  but  for  the  waste  water  pipe  a  cast  iron  gland  will 
answer.  This  method  of  securing  pipes  penetrating  the  side,  how- 
ever, though  the  best  for  wooden  vessels,  will,  it  is  clear,  fail  to 
apply  to  iron  ones.  In  the  case  of  iron  vessels,  it  appears  to  be  the 
best  practice  to  attach  a  short  iron  nozzle,  projecting  inwards  from 
the  skin,  for  the  attachment  of  every  pipe  below  the  water  line,  as 
the  copper  or  brass  would  waste  the  iron  of  the  skin  if  the  attach- 
ment were  made  in  the  way  usual  for  wooden  ships. 


DETAILS  OF  THE  SCREW   AND   SCREW   SHAFT. 

Q,  What  is  the   best   method  of  fixing   the   screw  upon  the 
shaft? 

A.  The  best  way  is  to  cut  two  large  grooves  in  the  shaft  coming 
up  to  a  square,  and  two  corresponding  grooves  or  key  seats  in  the 
screw  boss  opposite  the  arms.     Fit  into  the  grooves  on  the  shaft 
keys  with  heads,  the  length  of  which  is  equal  to  half  the  depth  of 
the  boss,  and  with  the  ends  of  the  keys  bearing  against  the  ends 
of  the  grooves  in  the  shaft.     Then  ship  on  the  propeller,  and  drive 
other  keys  of  an  equal  length  from  the  other  side  of  the  boss,  so 
that  the  points  of  the  keys  will  nearly  meet  in  the  middle  ;  next 
hurr  up  the  edges  of  the  grooves  upon  the  heads  of  the  keys,  to  pre- 
sent them  from  working  back  ;  and  finally  tap  a  bolt  into  the  side 
of  the  boss  to  penetrate  the  shaft.     Propellers  so  fitted  will  never 
get  slack. 

2.  What  is  the  best  way  of  fitting  in  the  screw  pipe  at  the 
stern? 

A,  It  should  have  projecting  rings,  which  should  be  turned  ; 

^d  cast  iron  pieces  with  holes  in  them,  bored  out  to  the  sizes  of 

these  rings,  should  be  secured  to  the  stern  frames  of  the  vessel, 

and  the  pipe  be  then  shipped  through  all.     Before  this  is  done, 

Aowever,  the  stem  post  must  be  bored  out  by  a  template  to  fit  the 
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pipe,  and  the  pipe  is  to  be  secured  at  the  end  to  the  stem  post, 
either  by  a  great  external  nut  of  cast  iron,  or  by  bolts  passing 
through  the  stern  post  and  through  lugs  on  the  pipe.  The  pipe  is 
generally  lined  with  lignum  vitce,  and  the  shaft  where  bearing  on 
the  lignum  vitcB  is  covered  with  brass. 

j2-  How  is  the  hole  formed  in  the  deadwood  of  the  ship  in  which 
the  screw  works  ? 

A,  A  great  frame  of  malleable  iron,  the  size  of  the  hole,  is  first 
set  up,  and  the  plating  of  the  ship  is  brought  to  the  edge  of  this 
hole,  and  is  riveted  through  the  frame.  It  is  important  to  secure 
this  frame  very^  firmly  to  the  rest  of  the  ship,  with  which  view  it  is 
advisable  to  form  a  great  palm,  like  the  palm  of  a  vice,  on  its  inner 
superior  comer,  which,  projecting  into  the  ship,  may  be  secured  by 
breast-hook  plates  to  the  sides,  whereby  the  strain  which  the  screw 
causes  will  be  distributed  over  the  stem,  instead  of  being  concen- 
trated on  the  rivets  of  the  frame. 

(2-  Is  this  frame  to  which  the  plating  is  riveted  of  considerable 
thickness,  so  as  to  have  the  necessary  strength  ? 

A.  It  is. 

(2.  And  is  the  diameter  of  the  rivets  the  same  as  that  which 
prevails  in  the  other  parts  of  the  plating  of  the  ship  t 

A.  Yes. 

Q.  Then  how  can  the  rivets  be  tight,  seeing  that  they  have  to 
pass  through  a  thick  piece  of  iron  with  a  comparatively  thin  plate 
on  each  side  ? 

A,  They  would  not  be  tight  if  put  in  red  hot  and  riveted  up  in 
the  usual  fashion.  But  these  particular  rivets  are  usually  turned, 
and  the  holes  are  widened  and  made  quite  tme  by  hand  before  the 
rivets  are  inserted.  The  riveting  is  done  without  heat  and  Ae 
rivets  are  usually  of  softened  steel. 

Q.   Are  there  several  lengths  of  screw  shaft } 

A.  There  are. 

(7.    How,  then,  are  these  secured  to  one  another  .'* 

A.  The  best  mode  of  securing  the  several  lengths  of  shaft  to- 
gether is  by  forging  the  shafts  with  flanges  at  the  ends,  which  arc 
connected  together  by  bolts,  say  six  strong  bolts  in  each  in  the 
case  of  a  shaft  ot  moderate  size,  but  eight  or  ten  bolts  in  very 
large  shafts.  But  the  abutting  ends  of  the  shafts  should 
be  slightly  rounded  to  permit  a  slight  side  play,  as  the  shaft 
will  bend  a  little  from  its  own  weight  between  the  bearings, 
and  it  is  proper  to  make  the  stmcture  such  as  to  permit  this. 


Modes  of  Receiving  the  Thrust. 
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Q.  How  is  tbe  thrust  of  the  shaft  received  ? 

A.  In  some  cases  it  is  received  on  a  number  of  metal  discs  set 
in  a  box  containing  oil ;  and  should  one  of  these  discs  stick  fast 
from  friction,  the  others  will  be  free  to  revolve.     In  this  arrange- 


iifScRw,HiiHd  br  Ml 


"•wt,  which  is  represented  in  fig.  94,  a  is  the  discs,  and  they  can  be 
"ightly  set  up  by  the  wedge  r.  Another  arrangement  more  generally 
ixd  is  that  represented  in  (igs.  95  and  96.  It  is  ;i  good  practice  to 
Eialie  the  thrust  plummer  block  with  a  very  long  sole  in  the  direction 


Arrangement  for  Lifting  tlie  Screw. 


forward  when  the 


obviate  any  risk  of  canting  or  spring! 

curring  even  xa  a  slight  < 
would  be  very  likely  to  c 
llie  bearing  to  heal. 

t2-  Are  there  no 
ments  existing  in  so 
for  enabling  the  sc 
lifted  out  of  the  wate 

A.  There  arc  ;  but  sgch  A 
rangements  are  not  usual  \ 
merchant  vessels,  and  ha* 
been  discarded  in  war  v 
Nevertheless,  they  constitiiien 
object  of  legitimate  curiosiT)'.'" 
One  form  of  apparatus  for  lhi> 
purpose  IS  thil  represented  m 
fig  97  The  screw  is  set  on  •' 
short  shaft  in  ihe  middle  of" 
slidinK  frame  which  can  b" 
raiied  or  lowered  in  gromw 
like  a  uindoH  and  the  sot" 
shaft  within  the  ship  can  i* 
•iK  protruded  or  mihdrawn  by  nji 
prtipriate  mechanism,  so  w  '" 
ngage  or  leave  free  this  ilw''- 
hift  as  may  be  required.  Whm 
the  screw  has  to  l>e  lifted,  i'"' 
crew  shaft  ii  drawn  inw  llif 
lessel,  leaving  the  short  sM' 
free  to  be  raised  up  by  it"' 
sliding  frame  ind  the  frame  i"' 
raised  by  long  screws  turned  round  b>  a  winch  purchase  on  deff- 
A  chain  or  rope,  however,  is  better  for  the  purpose  of  raising  thi*  ^ 
frame  than  long  screws  but  the  frame  should  in  such  ctx  '^ 
provided  with  pall  catches  like  those  of  i  windlass,  which,  if  tW  , 
rope  should  break,  will  prevent  ihe  screw  from  falling  do»ii  •i"'' 
an  injurious  shock. 


Fitting  Engines  into  a  Vessel. 


FITTING  ASD  FIXING  MARINE  ENGINES. 

Q.  Will  you  explain  the  method  of  putting  engines  into  a  sleam 

A.  As  an  illustration  of  this  operation  it  may  be  advisable  to 
lake  (he  case  of  a  side  lever  engine,  as  on  the  whole  the  most  com- 
plex enample  that  could  be  presented,  and  those  who  understand 
how  to  tit  such  engines  will  have  no  difficulty  with  any  other  kind. 
The  method  of  proceeding  is  as  follows  i— First  measure  across 
from  the  inside  of  paddle  bearers  to  tlie  centre  of  the  ship,  to  make 
sure  thai  the  central  line,  running  in  a  fore  and  aft  direction  on  the 
deck  or  beams,  usually  drawn  by  the  carpenter  as  immediately 
over  the  keel,  is  really  in  the  centre.  Stretch  a  line  across  between 
Ihe  paddle  bearers  in  the  direction  of  the  shaft.  To  this  line,  in  the 
centre  of  the  ship  where  the  fore  and  aft  mark  has  been  made, 
-ipply  a  square  with  arms  six  or  eight  feet  long,  and  bring  a  line 
stretched  perpendicularly  from  the  deck  to  the  keelson,  accurately 
lo  the  edge  of  the  square.  The  lower  point  of  the  line  where  it 
IQUcbes  the  keelson  uill  be  immediately  beneath  the  marks  made 
upon  the  deck.  If  this  point  does  not  come  in  the  centre  of  the 
keelson,  it  will  be  belter  to  shift  it  a  little,  so  as  to  bring  it  to  the 

■  Hire,  altering  the  mark  upon  the  deck  correspondingly,  prorided 
I  licr  paddle  shaft  will  admit  of  this  being  done— one  of  the  paddle 

■  .ickeis  being,  if  necessary,  packed  behind  with  wood,  to  give  it  an 
luiditional  projection  from  the  side  of  the  paddle  bearer.  Continue 
Ihe  line  fore  and  aft  upon  the  keelson  as  nearly  as  can  be  judged 
in  the  centre  of  the  ship.  .Stretch  another  line  fore  and  aft  through 
the  mark  upon  the  deck,  and  look  it  out  of  winding  with  the  line 
upon  the  keelson.  Fi\  upon  any  two  points  equally  distant  from 
the  centre,  in  the  line  stretched  transversely  in  Ihe  direotiun  of  the 
the  shaft ;  nnd  from  those  points,  as  centres,  and  with  any  convenient 
ndius,  sweep  across  the  fore  and  aft  line  to  see  thai  the  two 
.ire  at  right  angles  ;  and,  if  not,  shift  the  transverse  line  a  little  lo 
make  them  so.  From  the  transverse  line  next  let  fall  a  line  upon 
Mch  outside  keelson,  bringing  the  edge  of  the  square  to  the  line, 
ihe  other  edge  resting  on  the  keelson.  A  point  will  thus  be  got  on 
«eh  outside  keelson  perpendicularly  beneath  the  transverse  line 
running  in  the  direction  of  the  shaft,  and  a  line  drawn  beincen 
'hose  two  points  will  be  directly  below  the  shaft.  To  this  line 
Uic  line  of  the  shaft  marked  on  the  sole  plate  has  to  be  htoiis,l\V, 
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care  being  taken,  at  the  same  time,  that  the  right  distance  is  pre- 
served between  the  fore  and  aft  line  upon  the  sole  plate,  and  the 
fore  and  aft  line  upon  the  central  keelson. 

Q,  Of  course  the  keelsons  have  first  to  be  properly  prepared  ? 

A,  In  a  wooden  vessel,  before  any  part  of  the  machinery  is  put 
in,  the  keelsons  should  be  dubbed  fair  and  straight,  and  be  looked 
out  of  winding  by  means  of  two  straight  edges  placed  across  them. 
The  art  of  placing  engines  in  a  ship  is  more  a  piece  of  plain  com- 
mon sense  than  any  other  feat  of  engineering,  and  every  man  of 
intelligence  may  easily  settle  a  method  of  procedure  for  himsel£ 
Plumb  lines  and  spirit  levels,  it  is  pbvious,  cannot  be  employed  on 
board  a  vessel,  and  the  problem  consists  in  so  placing  the  sole 
plates,  without  these  aids,  that  the  paddle  shaft  will  not  stand  awry 
across  the  vessel,  nor  be  carried  forward  beyond  its  place  by  the 
framing  shouldering  up  more  than  was  expected.     As  a  plumb  line 
cannot  be  used,  recourse  must  be  had  to  a  square ;  and  it  will 
signify  nothing  at  what  angle  with  the  deck  the  keelsons  run,  so 
long  as  the  line  of  the  shaft  across  the  keelsons  is  squared  down 
fi^m  the  shaft  centre.     The  sole  plates  being  fixed,  there  is  no 
difficulty  in  setting  the  other  parts  of  the  engine  in  their  proper 
places  upon  them.     The  paddle  wheels  must  be  hung  from  the  top 
of  the  paddle  box  to  enable  the  shaft  to  be  rove  through  them,  and 
the  cross  stays  between  the  engines  should  be  fixed  in  when  the 
vessel  is  afloat,  as  the  vessel  will  alter  her  form  when  aground.  To 
try  whether  the  shafts  are  in  a  line,  turn  the  paddle  wheels,  and 
try  if  the  distance  between  the  cranks  is  the  same  at  the  upper  and 
under  and  the  two  horizontal  centres  ;  if  not,  move  the  end  of  the 
paddle  shaft  up  or  down,  backwards  or  forwards,  until  the  distance 
between  the  cranks  at  all  the  four  centres  is  the  same. 

g.  In  what  manner  are  the  engines  of  a  steam  vessel  secured 
to  the  hull  ? 

A.  The  engines  of  a  steamer  are  secured  to  the  hull  by  mean* 
of  bolts  called  holding  down  bolts,  and  in  wooden  vessels  a  good 
deal  of  trouble  is  caused  by  these  bolts,  which  are  generally  made 
of  iron.  Sometimes  they  go  though  the  bottom  of  the  ship,  and  ^ 
other  times  they  merely  go  through  the  keelsons, — a  recess  bcin? 
made  in  the  floor  or  timbers  to  admit  of  the  introduction  of  a  nui- 
The  iron,  however,  wears  rapidly  away  in  both  cases,  even  though 
the  bolts  are  tinned  ;  and  it  has  been  found  the  preferable  method 
to  make  such  of  the  bolts  as  pass  through  the  bottom,  or  enter  the 
t^jlge,  of  Muntz's  metal,  or  of  copper.     In  a  side  lever  engine,  four 
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Muntz's  metal  bolts  may  be  put  through  the  bottom  at  the  crank 
end  of  the  framing  of  each  engine,  four  more  at  the  main  centre, 
and  four  more  at  the  c>'linder,  making  twelve  through  bolts  to 
each  engine  ;  and  it  is  more  convenient  to  make  these  bolts  with  a 
nut  at  each  end,  as  in  that  case  the  bolts  may  be  dropped  down 
from  the  inside,  and  the  necessity  is  obviated  of  putting  the  vessel 
on  very  high  blocks  in  the  dock,  in  order  to  give  room  to  put  the 
bolts  up  from  the  bottom.  The  remainder  of  the  holding  down 
bolts  may  be  of  iron,  and  may,  by  means  of  a  square  neck,  be 
screwed  into  the  timber  of  the  keelsons  as  wood  screws — the  upper 
part  being  furnished  with  a  nut  which  may  be  screwed  down  upon 
the  sole  plate,  so  soon  as  the  wood  screw  portion  is  in  its  place. 
If  the  cylinder  be  a  fixed  one  it  should  be  bolted  down  to  the  sole 
plate  by  as  many  bolts  as  are  employed  to  attach  the  cylinder 
cover,  and  they  should  be  of  copper  or  brass,  in  any  situation  that 
is  not  easily  accessible.  In  the  case  of  iron  vessels  the  method  of 
securing  the  engines  to  the  hull  is  much  simpler,  as  the  sole  plates 
have  only  to  be  firmly  bolted  by  iron  bolts  to  the  iron  keelsons. 

Q.  If  the  engines  become  loose  in  wooden  vessels,  how  do  you 
refix  them  } 

A,  It  is  difficult  to  fix  engines  effectually  which  have  once 
begun  to  work  in  the  ship,  for  in  time  the  surface  of  the  wooden 
keelsons  on  which  the  engines  bear  becomes  worn  uneven,  and 
the  engines  necessarily  rock  upon  it.  As  a  general  rule,  the  bolts 
attaching  the  engines  to  the  keelsons  are  too  few  and  of  too  large 
a  diameter :  it  would  be  preferable  to  have  smaller  bolts,  and  a 
greater  number  of  them.  In  addition  to  the  bolts  going  through 
the  keelsons  or  the  vessel's  bottom,  there  should  be  a  large  number 
of  wood  screws  securing  the  sole  plate  to  the  keelson,  and  a  large 
number  of  bolts  securing  the  various  parts  of  the  engine  to  the  sole 
plate.  In  iron  vessels,  holding-down  bolts  passing  through  the 
bottom  are  not  expedient ;  and  there  the  engine  has  merely  to  be 
secured  to  the  iron  plate  of  the  keelsons,  which  are  made  hollow  to 
admit  of  a  more  effectual  attachment. 

0.  What  are  the  proper  proportions  of  bolts  ? 
A,  In  well-formed  bolts,  the  spiral  groove  penetrates  about 
one-twelfth  of  the  diameter  of  the  cylinder  round  which  it  winds, 
so  that  thediameter  of  the  solid  cylinder  which  remains  is  five-sixths 
of  the  diameter  over  the  thread.  If  the  strain  to  which  iron  may 
be  safely  subjected  in  machinery  is  one-fifteenth  of  its  utmost 
strength,  or  4,000  lbs.  on  the  square  inch,  then  2, 1 80  lbs.  may  be 


278         Force  of  Traction  required  on  Railways. 

sustained  by  a  screw  an  inch  in  diameter,  at  the  outside  of  the 
threads.  The  necessary  strength  of  the  holding-down  bolts  may 
easily  be  computed,  when  the  elevating  force  of  the  piston  or  main 
centre  is  known ;  but  it  is  expedient  very  much  to  exceed  thisstrength 
in  practice,  on  account  of  the  elasticity  of  the  keelsons,  the  liability 
to  corrosion,  and  other  causes.  The  elevating  force  of  the  piston 
on  the  main  centre  is  twice  as  great  as  the  maximum  force  on  the 
piston,  by  reason  of  the  inier\ention  of  the  side  levers. 


THE  LOCOMOTIVE  ENGINE. 

Q.  What  is  the  amount  of  tractive  force  requisite  to  draw 
carriages  on  railways  ? 

A,  Upon  well-formed  railways  with  carriages  of  good  construc- 
tion, the  average  tractive  force  required  for  low  speeds  is  about 
^\  lbs.  per  ton,  or  gJoth  of  the  load,  though  in  some  experimental 
cases,  where  particular  care  was  taken  to  obtain  a  favourable 
result,  the  tractive  force  has  been  reduced  as  low  as  555^  ^^  ^^ 
load.  At  low  speeds  the  whole  of  the  tractive  force  is  expended 
in  overcoming  the  friction,  which  is  made  up  partly  of  the  friction 
of  attrition  in  the  axles,  and  partly  of  the  rolling  friction,  or  the 
obstruction  to  the  rolling  of  the  wheels  upon  the  rail.  The  rolling: 
friction  is  very  small  when  the  surfaces  are  smooth,  and  in  the 
case  of  railway  carriages  does  not  exceed  j^jo^h  of  the  load ; 
whereas  the  draught  on  common  roads  of  good  construction,  which 
is  chiefly  made  up  of  the  rolling  friction,  is  as  much  as  j^gth  of  the 
load. 

(2-  In  reference  to  friction  you  have  already  stated  that  the 
friction  of  iron  sliding  upon  brass,  which  has  been  oiled  and  then 
wiped  dry,  so  that  no  film  of  oil  is  interposed,  is  about  ~th  of  the 
pressure,  but  that  in  machines  in  actual  operation,  where  there  is  a 
film  of  oil  between  the  rubbing  surfaces,  the  friction  is  only  about 
one-third  of  this  amount,  or  .,l,rd  of  the  weight.  How  then  can  the 
tractive  resistance  of  locomotives  at  low  speeds,  which  you  say  is 
entirely  made  up  of  friction,  be  so  little  as  j^yth  of  the  weight  ? 

A,  1  did  not  state  that  the  resistance  to  traction  was  ^J^th  of 
the  weight  upon  an  average — to  which  condition  the  answer  gi\*en 
to  a  previous  question  must  be  understood  to  apply — but  I  stated 
that  the  average  traction  was  about  ^^^th  of  the  load,  which  nearly 
agrees  with  my  former  statement.  If  the  total  friction  be  jJu^  °^ 
the  Joad,  and  the  rolling  friction  be  jyVi^h  of  the  load,  then  the 
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friction  of  attrition  must  be  ^Jjth  of  the  load  ;  and  if  the  diameter 
of  the  wheels  be  36  in.,  and  the  diameter  of  the  axles  be  3  in., 
which  are  common  proportions,  the  friction  of  attrition  must  be 
increased  in  the  proportion  of  36  to  3,  or  12  times,  to  represent  the 
friction  of  the  rubbing  surface  when  moving  with  the  velocity  of 
the  carriage.     4V9ths  are  about  ^^gth  of  the  load,  which  does  not 
differ  much  from  the  proportion  of  j^grd,  as  previously  determined. 
Q.  What  is  the  amount  of  adhesion  of  the  wheels  upon  the  rails  ? 
A.  The  adhesion  of  the  wheels  upon  the  rails  is  about  |th  of 
the  weight  when  the  rails  are  clean,  or  either  perfectly  wet  or  per- 
fectly dry  ;  but  when  the  rails  are  half-wet  or  greasy,  the  adhesion 
is  not  more  than  ^th  or  j^^th  of  the  weight  or  pressure  upon  the 
wheels.    The  weight  of  a  locomotive  of  modern  construction  in 
working  order  varies  from  30  to  35  tons.     But  some  of  the  foreign 
goods  locomotives  weigh  100  tons  or  more. 

Q.  And  what  is  its  cost  and  average  performance  ? 
A.  The  cost  of  a  common  narrow-gauge  locomotive,  of  average 
power,  varies  from  1,900/.  to  i^iool,  ;  but  a  first-class  engine, 
working  steam  of  140  to  160  lbs.,  and  running  express  trains  at 
50  miles  per  hour,  will  cost  2,800/.  or  3,000/.  Such  an  engine  will 
weigh  35  tons,  or  more,  and  usually  carries  about  half  the  weight 
on  a  single  pair  of  wheels.  But  it  is  preferable  to  use  a  lower 
carriage  set  beneath  the  engine,  or  a  bogie,  as  it  is  called,  to  distri- 
bute the  weight  better  over  the  road,  and  to  enable  the  axles  to 
adjust  themselves  into  a  position  at  right  angles  with  the  rails. 

Q.  Does  the  expense   of  traction   increase  much  with  an  in- 
creased speed  ? 

A,  Yes  ;  it  increases  ver>'  rapidly,  partly  from  the  undulation 

of  the  earth  when  a  hea\y  train  passes  over  it  at  a  high  velocity, 

and  partly  from  the  resistance  of  the  atmosphere  and  concussion, 

which  constitute  the  greatest  of  the  impediments  to  motion  at  high 

speeds.  At  a  speed  of  30  miles  an  hour,  the  atmospheric  resistance 

lias  been  found  in  some  cases  to  amount  to  about  12  lbs.  a  ton  ; 

and  in  side  winds  the  resistance  even  exceeds  this  amount,  partly 

in  consequence  of  the  additional  friction  caused  from  the  flanges  of 

the  wheels  being  forced  against  the  rails,  and  partly  because  the 

^ind  catches  to  a  certain  extent  the  front  of  every  carriage.     At  a 

speed  of  30  miles  an  hour,  an  engine  evaporating  200  cubic  feet  of 

v^ater  in  the  hour,  and  exerting  about  200  indicated  horses  power, 

^ill  draw  a  load  of  1 10  tons.     Taking  the  friction  of  the  train  at 

7j  lbs  per  ton,  or  825  lbs.  operating  at  the  circumference  of  the 
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driving  wheel, — which,  with  5  ft.  6  in.  wheels,  and  18  in.  stroke,  is 
equivalent  to  4,757  lbs.  upon  the  pistons — and  taking  the  resistance 
of  the  blast  pipe  at  6  lbs.  per  square  inch  of  the  pistons,  and  the 
friction  of  the  engine  unloaded  at  i  lb.  per  square  inch,  which,  with 
pistons  12  inches  in  diameter,  amount  together  to  1,582  lbs.,  and 
reckoning  the  increased  friction  of  the  engine  due  to  the  load  at  Jth 
of  the  load,  as  in  some  cases  it  has  been  found  exi>erimentally  to 
be,  though  a  much  less  proportion  than  this  would  probably  be  a 
nearer  average,  we  have  7018*4  lbs.  for  the  total  load  upon  the 
pistons.     At  30  miles  an  hour  the  speed  of  the  pistons  will  be  4578 
feet  per  minute,  and  7018*4  lbs.  multiplied  by  457*8  feet  per  minute 
are  equal  to  2,213,023*5  lbs.  raised  one  foot  high  in  the  minute, 
which  divided  by  33,000  gives  97*3  horses  power  as  the  power 
which  would  draw  1 10  tons  upon  a  railway  at  a  speed  of  30  miles 
an  hour,  if  there  were  no  atmospheric  resistance.   The  atmospheric 
resistance  is  at  the  rate  of  12  lbs.  a  ton,  with  a  load  of  no  tons, 
equal  to  1,320  lbs.,  moving  at  a  speed  of  30  miles  an  hour,  which, 
when  reduced,  becomes  105*8  horses   power,  and  this,  added  to 
97*3,  makes  203*1,  instead  of  200  horses  power,  as  ascertained  by  a 
reference  to  the  evaporative  power  of  the  boiler.    This  amount  of 
atmospheric  resistance,  however,  exceeds  the  average,  and  in  some 
of  the  experiments  for  ascertaining  the  atmospheric  resistance,  a 
part  of  the  resistance  due  to  the  curves  and  irregularities  of  the 
line  has  been  counted  as  part  of  the  atmospheric  resistance. 

2-  Is  the  resistance  per  ton  of  the  engine  the  same  as  the 
resistance  per  ton  of  the  train  ? 

A.  No  ;  it  is  more,  since  the  engine  has  not  merely  the  resist- 
ance of  the  atmosphere  and  of  the  wheels  to  encounter,  but  the 
resistance  of  the  machinery  besides.  According  to  Sir  D.  Gooch's 
experiments  upon  a  train  weighing  100  tons,  the  resistance  of  the 
engine  and  tender  at  131  miles  per  hour  was  found  by  the  indi- 
cator to  be  12*38  lbs.;  the  resistance  per  ton  of  the  train,  as  ascer- 
tained by  the  dynamometer,  was  at  the  same  speed  7*56  lbs.,  and 
the  average  resistance  of  locomotive  and  train  was  9*04  lbs.  A* 
20*2  miles  per  hour  these  resistances  respectively  became  19^ 
8*19,  and  12*2  lbs.  At  44*1  miles  per  hour  the  resistances  becan»e 
34 X),  21*10,  and  25*5  lbs.,  and  at  57*4  miles  an  hour  they  became 
35*5,  17-81,  and  23*8  lbs. 

Q.  Is  it  not  maintained  that  the  resistance  of  the  atmosphere 
to  the  progress  of  railway  trains  increases  as  the  square  of  the 
velocity  ? 
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A,  The  atmospheric  resistance,  no  doubt,  increases  as  the  square 
of  the  velocity,  and  the  power,  therefore,  necessary  to  overcome 
it  will  increase  as  the  cube  of  the  velocity,  since  in  doubling  the 
speed  four  times  the  power  must  be  expended  in  overcoming  the 
atmospheric  resistance  in  half  the  time.  At  low  speeds,  the  resist- 
ance does  not  increase  very  rapidly  ;  but  at  high  speeds,  the  total 
resistance  will  vary  nearly  as  the  square  of  the  velocity  if  the  line 
be  rough,  but  will  vary  more  nearly  as  the  velocity  merely  if  it  be 
very  smooth.  Thus,  the  resistance  of  a  train,  including  locomotive 
and  tender,  will  at  1 5  miles  an  hour  be  about  93  lbs.  per  ton  ;  at 
30  miles  an  hour  it  will  be  13*2  lbs.  per  ton  ;  and  at  60  miles  an 
hour  29  lbs.  per  ton.  If  we  suppose  the  same  law  of  progression 
to  continue  up  to  120  miles  an  hour,  the  resistance  at  that  speed 
will  be  92*2  lbs.  per  ton,  and  at  240  miles  an  hour  the  resistance 
will  be  344*8  lbs.  per  ton.  Thus,  in  doubling  the  speed  from  60  to 
120  miles  per  hour,  the  resistance  does  not  fall  much  short  of 
being  increased  fourfold,  and  the  same  remark  applies  to  the 
increase  of  the  speed  from  120  to  240  miles  an  hour.  Hut  it  is  im- 
possible to  rely  upon  such  inferences,  as  in  locomotives  there  may, 
for  aught  we  know,  be  a  similar  law  to  that  shown  to  exist  in  swift 
torpedo-boats,  where  the  resistance  becomes  less  at  very  high 
speeds.  The  following  rule,  supposing  the  line  to  be  in  good  order 
and  free  from  curves,  has  been  found  to  give  corect  results  for 
such  speeds  as  those  of  which  we  have  any  experience: — To  find 
the  total  resistance  of  the  engine,  tender,  and  train  in  pounds  per 
ton,  at  any  given  speed  :  Square  the  speed  in  miles  per  hour ; 
-divide  it  by  171,  and  add  8  to  the  quotient.  The  result  is  the 
total  resistance  at  the  rails  in  lbs.  per  ton.  But  this  result  sup- 
poses the  line  to  be  of  the  usual  roughness  of  railway  lines,  and  on 
'v-ery  smooth  lines  the  increase  of  resistance  will  be  less  rapid. 

Q.  How  comes  it  that  the  resistance  of  fluids  increases  as  the 
square  of  the  velocity,  instead  of  the  velocity  simply  ? 

A.  Because  the  height  necessary  to  generate  the  velocity  with 
'^hich  the  moving  object  strikes  the  fluid,  or  the  fluid  strikes  the 
object,  increases  as  the  square  of  the  velocity,  and  the  resist- 
^^ce  or  the  weight  of  a  column  of  any  fluid  varies  as  the 
height  A  falling  body,  as  has  been  already  explained,  to  have 
Acquired  twice  the  velocity,  must  have  fallen  through  four  times 
^^e  height  The  velocity  generated  by  a  column  of  any  fluid  is 
^^al  to  that  acquired  by  a  body  falling  through  the  height  of 
^e  column  ;  and  it  is  therefore  clear  that  the  pressure  due  to  any 
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pven  velocity  must  be  as  the  square  of  that  velocity,  the  pressure 
being  in  every  case  as  twice  the  altitude  of  the  column.     The  woric 
done,  however,  by  a  stream  of  air  or  other  fluid  in  a  given  time 
will  vary  as  the  cube  of  the  velocity  ;  for,  if  the  velocity  of  a  stream 
of  air  be  doubled,  there  will  not  only  be  four  times  the  pressure 
exerted  per  square  foot,  but  twice  the  quantity  of  air  will  be  em- 
ployed ;  and  in  windmills,  accordingly,  it  is  found  that  the  work 
done  varies  nearly  as  the  cube  of  the  velocity  of  the  wind.    If,  how- 
ever, the  work  done  by  a  given  quantity  of  air  moving  at  different 
speeds  be  considered,  it  will  vary  as  the  squares  of  the  speeds. 

Q.  But  in  a  case  where  there  is  no  work  done,  and  the  resist- 
ance varies  as  the  square  of  the  speed,  should  not  the  power  re- 
quisite to  overcome  that  resistance  vary  as  the  square  of  the 
speed  ? 

A.  \X  should,  if  you  consider  the  resistance  over  a  given  dis- 
tance, and  not  the  resistance  during  a  given  time.  Supposing  the 
resistance  of  a  railway  train  to  increase  as  the  square  of  the  speed, 
it  would  take  four  times  the  power,  so  far  as  atmospheric  resistance 
is  concerned,  to  accomplish  a  mile  at  the  rate  of  60  miles  an  hour, 
that  it  would  take  to  accomplish  a  mile  at  30  miles  an  hour ;  but  in 
the  former  case  there  would  be  twice  the  number  of  miles  accoffl- 
plished  In  the  same  time,  so  that  when  the  velocity'  of  the  train  was 
doubled,  we  should  require  an  engine  that  was  capable  of  over- 
coming four  times  the  resistance  at  twice  the  speed,  or,  in  other 
words,  that  was  capable  of  exerting  eight  times  the  power,  soferas 
regards  the  element  of  atmospheric  resistance.  We  know  by  ex- 
perience, however,  that  it  is  easier  to  attain  high  speeds  on  the 
railways  than  in  steam  vessels,  where  the  resistance  does  increase 
nearly  as  the  square  of  the  speed.  But  this  law  holds  only  up  to  * 
certain  point.  Beyond  that  the  resistance  increases  more  nearly 
as  the  cube,  and  beyond  that  again  more  nearly  as  the  simp** 
velocity,  owing  in  part  probably  to  diminished  immersion. 

Q.  Will  you  describe  generally  the  arrangement  of  a  locom^ 
tive  engine  ? 

A,  The  boiler  and  engine  are  hung  upon  a  framework  set  <* 
wheels,  and,  together  with  this  frame  or  carriage,  constitute  wh»^ 
is  commonly  called  the  locomotive.  Behind  the  locomotive  run* 
another  carriage,  called  the  tender,  for  holding  fuel  and  water.  ^ 
common  mode  of  connecting  the  engine  and  tender  is  by  means  rf 
a  rigid  bar,  with  an  eye  at  each  end  through  which  pins  are  passed. 
Between  the  engine  and  tender,  however,  buffers  should  always  be 
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interposed,  as  their  pressure  contributes  greatly  to  prevent  oscilla- 
tion and  other  irregular  motions  of  the  engine. 

Q,  How  is  the  framing  of  a  locomotive  usually  constructed  ? 
A,  All  locomotives  are  now  made  with  the  framing  which  sup- 
ports the  machinery  situated  within  the  wheels.  But  for  some  years 
a  vehement  controversy  was  maintained  respecting  the  relative 
merits  of  outside  and  inside  framing,  which  has  terminated,  how- 
ever, in  the  universal  adoption  of  the  inside  framing.  It  is  difficult, 
in  engines  intended  for  the  narrow  gauge,  to  get  cylinders  within 
the  framing  of  sufficient  diameter  to  meet  the  exigencies  of  railway 
locomotion.  By  casting  both  cylinders  in  a  piece,  however,  a  con- 
siderable amount  of  room  may  be  made  available  to  increase  their 
diameters.  It  is  very  desirable  that  the  cylinders  of  locomotives 
should  be  as  large  as  possible,  so  that  expansion  may  be  adopted 
to  a  large  extent ;  and  with  any  given  speed  of  piston,  the  power 
of  an  engine  either  to  draw  heavy  loads  or  achieve  high  velocities, 
will  be  increased  with  every  increase  of  the  dimensions  of  the 
cylinder.  The  framing  of  locomotives,  to  which  the  boiler  and 
machinery  are  attached,  and  which  rests  upon  the  springs  situated 
above  the  axles,  is  formed  generally  of  malleable  iron,  but  formerly 
the  side  frames  sometimes  consisted  of  oak  with  iron  plates  riveted 
on  each  side.  The  guard  plates  are  in  these  cases  generally  of 
equal  length,  the  frames  being  curved  upwards  to  pass  over  the 
driving  axle.  Hard  cast  iron  blocks  are  riveted  between  the  guard 
plates  to  serv^e  as  guides  for  the  axle  bushes. 

Q,  What  is  the  nature  and  arrangement  of  the  springs  of  loco- 
motives t 

A.  TTie  springs  are  of  the  ordinary  carriage  kind,  with  plates 
connected  at  the  centre,  and  allowed  to  slide  on  each  other  at  their 
ends.  The  upper  plate  terminates  in  two  eyes,  through  each  of 
^hich  passes  a  pin,  which  also  passes  through  the  jaws  of  the 
bridle,  connected  by  a  double  threaded  screw  to  another  bridle, 
^hich  is  jointed  to  the  framing  ;  the  centre  of  the  spring  rests 
^pon  the  axle-box.  Sometimes  the  springs  are  placed  between 
^c  guard  plates,  and  below  the  framing  which  rests  upon  their 
^'ftremities.  One  species  of  spring  which  has  gained  a  considerable 
'^troduction  consists  of  a  number  of  flat  steel  plates,  with  a  piece 
•^ metal  or  other  substance  interposed  between  them  at  the  centre, 
'caving  the  ends  standing  apart.  It  would  be  preferable,  perhaps, 
to  make  the  plates  of  a  common  spring  with  different  curves,  so 
that  the  leaves,  though  in  contact  at  the  centre,  would  not  be  in 
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contact  at  the  ends  with  light  loads,  but  would  be  brought  into 
contact  gradually,  as  the  strain  comes  on.  A  spring  would  thus 
be  obtained  that  was  suitable  for  all  loads. 

Q,  What  is  the  difference  between  inside  and  outside  cylinder 
engines  ? 

A,  Outside  cylinders  are  so  designated  when  placed  upon  the 
outside  of  the  framing,  with  their  connecting  rods  oi>erat]ng  upon 
pins  in  the  driving  wheels  ;  while  the  inside  cylinders  are  situated 
within  the  framing,  and  the  connecting  rods  attach  themselves  to 
cranks  in  the  driving  axle. 

Q.  Whether  are  inside  or  outside  cylinder  engines  to  be  pre- 
ferred 1 

A.  A  diversity  of  opinion  obtains  as  to  the  relative  merits  of 
outside  and  inside  cylinders.  The  chief  objection  to  outside 
cylinders  is,  that  they  occasion  a  sinuous  motion  in  the  engine 
which  is  apt  to  send  the  train  off  the  rails  ;  but  this  action  may  be 
made  less  perceptible,  or  be  remedied  altogether,  by  placing  a 
weight  upon  one  side  of  the  wheels,  the  momentum  of  which  will 
just  balance  the  momentum  of  the  piston  and  its  connections. 
The  sinuous  or  rocking  motion  of  locomotives  is  traceable  to  the 
arrested  momentum  of  the  piston  and  its  attachments  at  every 
stroke  of  the  engine,  and  the  effect  of  the  pressure  thus  created 
will  be  more  operative  in  inducing  oscillation  the  farther  it  is 
exerted  from  the  central  line  of  the  engine. 

Q,  As  the  question  of  the  locomotive  boiler  has  been  already 
disposed  of  in  discussing  the  question  of  boilers  in  general,  it  now 
only  remains  to  inquire  into  the  subject  of  the  engine,  and  we  may 
commence  with  the  cylinders.  Will  you  state  the  arrangement 
and  construction  of  the  cylinders  of  a  locomotive  and  their  con- 
nections ? 

A.  The  cylinders  are  placed  in  the  same  horizontal  plane  as 
the  axle  of  the  driving  wheels,  and  the  connecting  rod  which  is 
attached  to  the  piston  rod  engages  either  a  crank  in  the  driring 
axle  or  a  pin  in  the  driving  wheel,  according  as  the  cylinders  are 
inside  or  outside  of  the  framework.  The  cylinders  are  generally 
made  an  inch  longer  than  the  stroke,  or  there  is  half  an  inch  d 
clearance  at  each  end  of  the  cylinder,  to  permit  the  springs  of  the 
vehicle  to  act  without  causing  the  piston  to  strike  the  top  or  bottom 
of  the  cylinder.  The  thickness  of  metal  of  the  cylinder  ends  is 
usually  about  a  third  more  than  the  thickness  of  the  cylinder  itself, 
nnd  both  ends  are  generally  made  removable.     The  priming  of  the 
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boiler,  when  it  occurs,  is  very  injurious  to  the  cylinders  and  valves 
of  locomotives,  especially  if  the  water  be  sandy,  as  the  g^it  carried 
over  by  the  steam  wears  the  rubbing  surfaces  rapidly  away.  The 
face  of  the  cylinder  on  which  the  valve  works  is  raised  a  little 
above  the  metal  around  it,  both  to  facilitate  the  operation  of  forming 
the  face  and  with  the  view  of  enabling  any  foreign  substance  de- 
posited on  the  face  to  be  pushed  aside  by  the  valve  into  the  less 
elevated  part,  where  it  may  lie  without  occasioning  any  further 
disturbance.  The  valve  casing  is  sometimes  cast  upon  the  cylinder, 
and  it  is  generally  covered  with  a  door  which  may  be  removed  to 
permit  the  inspection  of  the  faces.  I  n  some  valve  casings  the  top 
as  well  as  the  back  is  removable,  which  admits  of  the  valve  and 
valve  bridle  being  removed  with  greater  facility.  A  cock  is  placed 
at  each  end  of  locomotive  cylinders,  to  allow  the  water  to  be  dis- 
charged  which  accumulates  in  the  cylinder  from  priming  or  con- 
densation ;  and  the  four  cocks  of  the  two  cylinders  are  usually 
connected  together,  so  that  by  turning  a  handle  the  whole  are 
opened  at  once.  Of  course  there  are  variations  in  the  arrange- 
ments here  described  in  different  engines,  and  outside  cylinders 
cannot  always  be  got  into  exactly  the  same  horizontal  plane  as  the 
axle. 

Q.  What  limits  the  diameter  of  the  cylinders  ? 
A,  The  distance  between  the  frames,  which  in  its  turn  is  deter- 
mined by  the  gauge  of  the  railway. 

Q.  What  kind  of  piston  is  used  in  locomotives  .'* 
A,  The  variety  of  pistons  employed  in  locomotives  is  very 
Sfcat,  and  sometimes  even  the  more  complicated  kinds  are  found 
^o  work  very  satisfactorily  ;  but,  in  general,  those  pistons  which 
consist  of  a  single  ring  and  tongue  piece,  or  of  two  single  rings  set 
^ne  above  the  other,  so  as  to  break  joint,  are  preferable  to  those 
^Mch  consist  of  many  pieces.  A  common  method  is  to  forge  the 
P*ston  upon  the  piston  rod,  and  to  turn  a  few  grooves  in  the  rim, 
^to  which  rings  are  put. 

2-  Will  you  explain  the  mode  of  connecting  the  piston  rod  with 
^e  connecting  rod  1 

A.  The  piston  rods  of  all  engines  are  now  generally  made  of 
*^^1 ;  and  in  locomotive  engines  the  diameter  of  the  piston  rod  is 
^ut  one-seventh  of  the  diameter  of  the  cylinder,  and  it  is  formed 
of  tilted  steel.  Formerly  the  piston  was  attached  to  the  piston 
rod  by  a  cone  and  cutter,  or  screw,  as  in  land  engines  ;  but  the 
cone  was  turned  the  reverse  way,  to  make  it  more  easy  to  remove 
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the  piston  through  the  end  of  the  cylinder.  The  top  of  the  piston 
rod  is  secured  with  a  cutter  into  a  socket  with  jaws,  through  the 
holes  of  which  a  cross  head  passes,  which  is  embraced  between  the 
jaws  by  the  small  end  of  the  connecting  rod,  while  the  ends  of  the 
cross  head  move  in  guides.  Between  the  piston  rod  clutch  and 
the  guide  blocks,  the  feed  pump  rod  joins  the  cross  head  in  some 
engines. 

(1.  What  kind  of  guides  is  employed  for  the  end  of  the  piston 
rod.? 

A.  The  guides  are  formed  of  steel  plates  attached  to  the  framing, 
between  which  work  the  guide  blocks,  fixed  on  the  ends  of  the 
cross  head,  which  have  flanges  bearing  against  the  inner  edges  of 
the  guides.    Steel  guides  are  better  than  iron  ones.     Most  makers 
attach  their  guides  at  one  end  to  a  cross  stay,  and  at  the  other  to 
lugs  on  the  cylinder  cover ;  and  they  are  made  stronger  in  the 
middle  than  at  the  ends.     For  all  locomotives  the  arrangements 
for  keeping  dust  out  of  the  guides  and  other  working  parts  of  the 
engine  are  very  inadequate,  and  it  would  be  proper  to  have  them 
boxed  up  so  hermetically  as  to  exclude  dust ;  and  also  to  ha\'e 
them  effectually  lubricated  by  petroleum  or  other  cheap  oil,  by  the 
aid  of  a  circulating  pump,  which  would  send  the  oil  which  had 
drained  from  the  bearings  into  a  reservoir  back  through  pipes  to 
the  bearings. 

Q.  Is    any  provision  made   for  keeping  the   connecting  ^ 
always  of  the  same  length  } 

A,  In  every  kind  of  locomotive  it  is  very  desirable  that  the 
length  of  the  connecting  rod  should  remain  invariable,  in  spite  J 
of  the  wear  of  the  brasses,  for  there  is  a  danger  of  the  piston 
striking  against  the  cover  of  the  cylinder  if  it  be  shortened,  as  the 
clearance  is  left  as  small  as  possible  in  order  to  economise  steanu 
In  some  engines  the  strap  encircling  the  crank  pin  is  fixed  '^' 
movably  to  the  connecting  rod  by  dovetailed  keys,  and  a  bolt 
passes  through  the  keys,  rod,  and  strap,  to  prevent  the  do\-etafl 
keys  from  working  out.  The  brass  is  tightened  by  a  gib  and 
cutter,  which  is  kept  from  working  loose  by  three  pinching  sere** 
and  a  cross  pin  or  cutter  through  th«  point.  The  eflfect  of  this 
arrangement  is  to  lengthen  the  rod,  but  at  the  cross  head  end  w 
the  rod  the  elongation  is  neutralised  by  making  the  strap  loose,  5»> 
that  in  tightening  the  brass  the  rod  is  shortened  by  an  amount 
equal  to  its  elongation  at  the  crank  pin  end.  The  tightening  here 
is  also  effected  by  a  gib  and  cutter,  which  is  kept  from  working      | 
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loose  by  tv/o  pinching  screws  pressing  on  the  side  of  the  cutter. 
Both  journals  of  the  connecting  rod  are  furnished  with  oil  cups, 
having  a  small  tube  in  the  centre  with  siphon  wicks.  The  con- 
necting rod  is  a  thick  flat  bar,  with  its  edges  rounded. 

Q.  How  is  the  cranked  axle  of  locomotives  constructed  } 
A.  The  cranked  axle  of  locomotives  is  now  usually  made  of 
steel,  with  two  cranks  forged  upon  it  towards  the  middle  of  its 
length,  at  a  distance  from  each  other  answerable  to  the  distance 
between  the  cylinders.    Bosses  are  made  on  the  axle  for  the  wheels 
to  be  keyed  upon,  and  bearings  for  the  support  of  the  framing. 
The  axle  is  cast  in  an  ingot,  and  afterwards  forged  into  shape,  with 
the  crank  blocks  in  the  same  plane  ;  and  the  axle  is  then  twisted 
to  bring  the  cranks  into  the  proper  relative  positions.     The  blocks 
arc  then   cut  out  to  form  the  cranks.     In  engines  with  outside 
cylinders  the  axles  are  made  straight— the  crank  pins  being  in- 
serted in  the  naves  of  the  wheels.     The  bearings  to  which  the 
connecting  rods  are  attached  are  made  with  very  large  fillets  in  the 
comers,  so  as  to  strengthen  the  axle  in  that  part,  and  to  obviate 
side  play  in  the  connecting  rod.     In  engines  which  have  been  in 
^se  for  some  time,  however,  there  is  generally  a  good  deal  of  end 
play  in  the  bearings  of  the  axles  themselves,  and  this  slackness 
contributes  to  make  the  oscillation  of  the  engine  more  violent ;  but 
^his  evil  may  be  remedied  by  making  the  bearings  with  large  comer 
fillets  or  with  collars  like  the  thmst  bearing  of  a  screw  steamer. 
Q.  How  are  the  bearings  of  the  axles  arranged  } 
A,  The  axles  bear  only  against  the  top  of  the  axle-boxes,  which 
^Tc  generally  of  brass  ;  but  a  plate  extends  underneath  the  bearing, 
^o  prevent  sand  from  being  thrown  upon  it.     The  upper  part  of 
^^ box  in  most  engines  has  a  reser\oir  of  oil,  which  is  supplied  to 
5^c  journal  by  tubes  with  siphon  wicks.      Stephenson  uses  cast 
**"^  axle  boxes  with  brasses,  and  grease  instead  of  oil ;  and  the 
?*^casc  is  fed  upon  the  journal  by  the  heat  of  the  bearing  melting 
*^  whereby  it  is  made  to  flow  down  through  a  hole  in  the  brass. 
Q,  How  are  the  eccentrics  of  a  locomotive  constmcted  } 
A,  Formerly  the  body  of  the  eccentric  was  made  of  cast  iron. 
*^  inside  cylinder  engines  the  eccentrics  were  set   on   the  axle 
^^^twecn  the  cranks,  and  they  were  put  on  in    two   pieces  held 
^^thcr  by  bolts  ;  but  in  straight  axle  engines  the  eccentrics  were 
^t  in  a  piece,  and  were  secured  dn  the  shaft  by  means  of  a  key. 
^e  eccentric,  when  in  two  pieces,  was  retained  at  its  proper  angle 
On  the  shaft  by  a  pinching  screw,  which  was  provided  with  a  jam 
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nut  to  prevent  it  from  working  loose.  A  piece  was  left  out  of  the 
eccentric  in  casting  it  to  allow  of  the  screw  being  inserted,  and  the 
void  was  afterwards  filled  by  inserting  a  dovetailed  piece  of  metal 
Stephenson  and  Hawthorn  left  holes  in  their  eccentrics  on  each 
side  of  the  central  arm,  and  they  applied  pinching  screws  in  each 
of  these  holes.  The  method  of  fixing  the  eccentric  to  the  shaft  by 
a  pinching  screw  was  scarcely  sufficiently  substantial ;  and  cases 
were  perpetually  occurring,  when  this  method  of  attachment  was 
adopted,  of  eccentrics  shifting  from  their  place.  In  the  modem 
engines  the  eccentrics  are  forged  on  the  axles. 

Q.  How  are  the  eccentric  straps  constructed  } 

A,  The  eccentric  hoops  are  generally  of  wrought  iron  or  steel, 
as  brass  hoops  are  found  liable  to  break.  One  half  of  the  strap  is 
forged  with  the  rod,  the  other  half  being  secured  to  it  by  bolts, 
nuts,  and  jam  nuts.  Pieces  of  brass  are,  in  some  cases,  pinned 
within  the  steel  hoop ;  but  it  appears  to  be  preferable  to  put 
brasses  within  the  hoop  to  encircle  the  eccentric,  as  in  the  case  of 
any  other  bearing. 

Q.  What  is  the  arrangement  of  the  starting  lever  ? 

A,  The  starting  lever  travels  between  two  iron  segments,  and 
can  be  fixed  in  any  desired  position.  This  is  done  by  a  small 
catch  or  bell-crank,  jointed  to  the  bottom  of  the  handle  at  the  end 
of  the  lever,  and  coming  up  by  the  side  of  the  handle,  but  pressed 
out  from  it  by  a  spring.  The  smaller  arm  of  this  bell-crank  is 
jointed  to  a  bolt,  which  shoots  into  notches,  made  in  one  of  the 
segments  between  which  the  lever  moves.  By  pressing  the  bell- 
crank  against  the  handle  of  the  lever  the  bolt  is  withdrawn,  and 
the  lever  may  be  shifted  to  any  other  point,  when,  the  spring  being 
released,  the  bolt  flies  into  the  nearest  notch. 

Q.  In  what  way  does  the  starting  handle  act  on  the  machinery 
of  the  engine  to  set  it  in  motion  } 

A.  Its  whole  action  lies  in  raising  or  depressing  the  link  of  tb^ 
link  motion  relatively  with  the  valve  rod.  If  the  valve  rod  be 
attached  to  the  middle  of  the  link,  the  valve  will  derive  no  motioo 
from  it  at  all,  and  the  engine  will  stop.  If  the  attachment  be  slipp^ 
to  one  end  of  the  link  the  engine  will  go  ahead,  and  if  slipped  to  the 
other  end  it  will  go  astern.  The  starting  handle  merely  achic^<* 
this  change  of  position. 

Q.  Will  you  explain  the  operation  of  setting  the  valve  of  a 
locomotive  ? 

A,  In  setting  the  valves  of  locomotives,  place  the  crank  in  the 
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position  answerable  to  the  end  of  the  stroke  of  the  piston,  and 
draw  a  straight  line,  representing  the  centre  line  of  the  cylinder, 
through  the  centres  of  the  crank  shaft  and  crank  pin.  From  the 
centre  of  the  shaft  describe  a  circle  with  the  diameter  equal  to  the 
throw  of  the  valve,  another  circle  to  represent  the  crank  shaft, 
and  a  third  circle  to  represent  the  path  of  the  crank  pin.  From 
the  centre  of  the  crank  shaft  draw  a  line  perpendicular  to  the  centre 
line  of  the  cylinder  and  crank  shaft,  and  draw  another  perpen- 
dicular at  a  distance  from  the  first  equal  to  the  amount  of  the  lap 
and  the  lead  of  the  valve  :  the  points  in  which  this  line  intersects 
the  circle  of  the  eccentric  are  the  points  in  which  the  centre  of  the 
eccentric  should  be  placed  for  the  forward  and  reverse  motions. 
When  the  eccentric  rod  is  attached  directly  to  the  valve,  the  radius 
of  the  eccentric,  which  precedes  the  crank  in  its  revolution,  forms 
with  the  crank  an  obtuse  angle;  but  when,  by  the  intervention 
of  levers,  the  valve  has  a  motion  opposed  to  that  of  the  eccentric 
rod,  the  angle  contained  by  the  crank  and  the  radius  of  the 
eccentric  must  be  acute,  and  the  eccentric  must  follow  the  crank  : 
in  other  words,  with  a  direct  attachment  to  the  valve  the  eccentric 
is  set  more  than  one-fourth  of  a  revolution  in  advance  of  the  crank, 
and  with  an  indirect  attachment  the  eccentric  is  set  less  than  one- 
fourth  of  a  circle  behind  the  crank.  If  the  valve  were  without  lead 
or  lap  the  eccentric  would  be  exactly  one-fourth  of  a  circle  in 
advance  of  the  crank  or  behind  the  crank,  according  to  the  nature 
of  the  valve  connection.  But  as  the  valve  would  thus  cover  the  port 
by  the  amount  of  the  lap  and  lead,  the  eccentric  must  be  set  for- 
'ward,  so  as  to  open  the  port  to  the  extent  of  the  lap  and  lead,  and 
this  is  effected  by  the  plan  just  described. 

(2-  In  the  event  of  the  eccentrics  slipping  round  upon  the  shaft, 
'Which  you  stated  sometimes  happens,  is  it  necessary  to  perform 
the  operation  of  setting  the  valve  as  you  have  just  described  it  ? 

A,  \{  the  eccentrics  shift  upon  the  shaft,  they  may  be  easily 
'^fixcd  by  setting  the  valve  open  the  amount  of  the  lead,  setting 
^€  crank  at  the  end  of  the  stroke,  and  bringing  round  the  eccentric 
''pon  the  shaft  until  the  eccentric  rod  gears  with  the  valve.  It 
^ould  often  be  troublesome  in  practice  to  get  access  to  the  valve 
*or  the  piu^se  of  setting  it,  and  this  may  be  dispensed  with  if 
4e  amount  of  lap  on  the  valve  and  the  length  of  the  eccentric  rod 
^  known.  To  this  end,  draw  upon  a  board  two  straight  lines  at 
fight  angles  to  one  another,  and  from  their  point  of  intersection  as 
a  centre  describe  two  circles,  one  representing  the  circle  of  the 
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eccentric,  the  other  the  crank  shaft.    Draw  a  straight 
to  one  of  the  diameters,  and  distant  frotn  it  the  amount  of  the  lap 
and  the  lead.    The  points  in  which  Ihis  parallel  intersects  the  circle 
of  the  eccentric   are  the  positions  of  the  forward  and  backward 
eccentrics.     Through  these  points  draw  straight  lines  from  the 
centre  of  the  circle,  and  mark  the  intersection  of  these  lines  with 
the  circle  of  the  crank  shaft;  measure  with  a  pair  of  compasses  the 
chord  of  the  arc  intercepted  between  eilher  of  these  points,  and  the 
diameter  which  is  at  right  angles  with  the  crank,  and  the  diatneicis 
being  first  marked  on  the  shaft  itself,  then,  by  transferring  with 
the  compasses  the  distance  found  in  the  diagram,  and  marking  iht^ 
point,  the  eccentric  may  at  any  time  be  adjusted  without  difficult)-.^ 
Q.  Will  you  describe  the  structure  and  arrangement  of  the  feec^ 
pumps  of  locomotive  engines  ? 

A.  The  feed  pumps  of  locomoti^'es  are  generally  made  of  brass, 
but  the  plungers  are  sometimes  made  of  iron,  and  are  generally 
attached  lo  the  piston  cross  head,  though  in  some  engines  they  are 
worked  by  rods  attached  to  eyes  on  the  eccentric  hoops.     There  m 
a  ball  valve  between  the  pump  and  the  tender,  and  two  usually  'n 
the  pipe  leading  from  the  pump  to  the  boiler.     The  ball  valves  *ff 
guided  by  four  branches,  which  rise  vertical), 
and  Join  together  at  the  top  in  a  hemisphcrial 
form.     The  shocks  of  the  ball  against  ibis  o)) 
have  in  some  cases  broken  it  after  one  ntek"' 
I  work,  from  the  top  of  the  cage  having  been  d>I> 
I  and  the  branches  not  having  had  their  junCti'''' 
at  the  top  properly  lilleted.    These  valve  gtu*  I 
attached  in  different  ways  to  the  pil**'4 
when  one  occurs  at  the  junction  of  two  pieee<*  I 
pipe  it  has  a  flange,  which  along  with  the  flan^ 
"""  '"  of  the  pipes  and  that  of  the  valve  ■ 

together  by  a  union  joint     It  is  sometimes  formed  « 
at  the  under  end,  and  screwed  into  the  pipe.     The  balls  are  ^\ 
hollow  lo  lessen  the  shock,  as  well  as  to  save  the  metal.    In  «** 
cases,  where  the  feed  pump  plunger  has  been  attached  to  thecros^ 
head,  the  piston  rod  has  been  bent  by  the  strain  ;  and  that  m^' 
in  all  eases  occur,  if  the  communication  between  the  pump  ^ 
boiler  be  closed  when  the  engine  is  started,  and  there  be  no  esc^rJ 
valve  for  the  water. 

g.  Are  none  but  ball  valves  used  in  the  feed  pump  ? 

A,  Spindle  valves  have  in  some  cases  been  used  instead  ol 
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valves,  but  they  are  more  subject  to  derangement ;  and  the  cage 
should  be  so  made  as  10  give  the  valve  IJtlle  lift,  as  shown  in 
fig.  98.  In  all  spindle  valves  opened  and  shut  rapidly,  it  is 
advisable  to  have  the  lower  surface  conical,  to  take  olTthe  shock 
of  the  water  ;  and  a  large  lift  of  the  valve  should  be  prevented, 
else  much  of  the  water  during  ihe  return  stroke  of  the  pump  will 
fiow  out  before  the  valve  shuts.  Giffard's  injectors  are  now  very 
generally  employed  to  feed  boilers  instead  of  pumps. 

Q,   In  what  way  are  the  valves  of  feed  ^ 

pomps  arranged  ? 

A.  An  example  of  such  arrangement 
is  given  in  tig.  99,  which  is  a  section  of  a 
locomotive  feed  pump  of  that  kind  which 
is  worked  off  the  eccentric  The  plunger 
is  a  trunk  plunger  of  short  stroke.  The 
water  is  drawn  in  through  the  lower  bail 
valve  and  forced  out  through  the  upper 
one.  There  is  a  pel  cock  to  let  the  slcam 
out  of  the  pump  should  any  have  leaked 
in,  and  to  diminish  the  risks  of  such  leak- 
age it  is  a  good  practice  to  place  another 
valve  in  the  pipe  which  connects  the 
pnmp  with  the  boiler. 

Q.  At  what  part  of  the  boiler  is  the 

feed  vrater  admitted? 

A.  The  feed  pipe  of  most  locomotive 

engines  enters  the  boiler  near  (he  bottom 

md  about  the  middle  of  its  length.     In 

»ome  engines  the  water  is  let  in  at  the 

smoke  box  end  of  the  boiler,  a  little  below 

4«  water  level  ;  by  this  means  the  heat 

o  more  fully  extracted  from  the  escap- 
es smoke.     But  the  arrangement   is  of 

Vwtionable  applicability  to  engines  of  which  the  steam  dome  and 

tttm  pipe  are  at  the  smoke-box  end,  as  in  that  case  the  entering 

^  water  would  condense  the  steam. 

Q.  Are  all  locomotives  of  modem  construction  provided  with 

■oiders  to  hold  water  and  fuel  ? 

A.  Many  engines  are  now  made  to  carry  the  feed  water  over 

ite  boiler  or  beside  or  beneath  it.     These  engines  are  called  lank 

agines,  and  in  the  case  of  engines  not  fitted  with  injectors,  donke-j 
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engines  for  feeding  the  boiler  should  in  all  cases  be  employed  to 
work  the  feed  pumps.  The  advantage  of  pumps  over  injectors  is, 
that  they  enable  hot  water  to  be  used  for  feeding  the  boiler  instead 
of  cold,  whereby  a  saving  of  fuel  will  be  effected.  Injectors  will 
not  act  in  sending  water  into  the  boiler  unless  the  jet  of  steam  be 
condensed  by  the  feed  water,  to  do  which  its  temperature  should 
be  under  90  degrees.  But  when  pumps  are  used,  a  portion  of  the 
exhaust  steam  may  be  made  to  heat  the  feed  water,  which  may 
consequently  be  sent  into  the  boiler  in  a  boiling  state.  However, 
the  exhaust  steam  may  be  itself  used  as  a  jet  to  send  water  into  the 
boiler  in  the  manner  of  an  injector  under  suitable  arrangements. 

Q,  What  would  you  consider  such  arrangements  to  be  ? 

A,  To  explain  them  it  is  necessary  to  trace  the  principle  n[ 
which  the  injector  operates.    Steam  taken  from  a  boiler,  it  is  deai^^ 
will  not  have  sufficient  pressure  to  force  water  into  the  same  boikc— - 
as  it  will  not  merely  have  the  pressure  of  the  steam  resisting  i' 
but  the  pressure  of  the  column  of  water  besides.     I^  however, 
portion  of  the  steam  is  condensed,  it  is  transformed  into  a  small  ji 
of  water  moving  with  the  velocity  of  the  condensed  steam,  and     ^ 
will  have  the  dynamical  energy  due  to  that  velocity,  which  it 
be  found  corresponds  to  a  hydrostatic  head  much  more  than  si 
cient  to  force  its  way  into  the  boiler  by  gravity.     If  the  pressure   ^ 
the  steam  be  very  small — as  will  be  the  case  if  the  steam  ednct^sd 
by  the  engine  is  used — its  force  will  be  insufficient  to  send  tXic 
water  into  the  boiler,  unless  the  steam  is  superheated.    The  super- 
heated steam  represents  a  higher  head  and  greater  velocity,  and    >< 
will  therefore  act  more  powerfully  in  the  injector. 

Q.  Will  you  explain  the  construction  of  locomotive  wheeb    ** 
made  in  this  country  ? 

A.  The  wheels  of  a  locomotive  are  always  made  of  malleal>^ 
iron  or  steel.     The  driving  wheels  are  made  larger  to  increase  the 
speed  ;  the  bearing  wheels  also  are  easier  on  the  road  when  kui^ 
In  goods  engines  the  driving  wheels  are  smaller  than  in  the  p**" 
senger  engines,  and  are  generally  coupled  together.     Fomwf 
wheels  were  sometimes  made  with  cast-iron  naves,  and  the  qpokcs 
and  rim  of  wrought  iron.     But  in  most  modem  wheels  the  nave  B 
formed  of  the  ends  of  the  spokes  welded  together  at  the  ceoti^ 
The  tires  of  railway  wheels  are  now  always  made  of  steel,  cast  0 
an  ingot,  and  a  hole  is  punched  in  the  middle,  which  is  lAideDcd 
out  until  the  tire  can  be  rolled  out  without  a  weld.     SometioKS 
corrugated  disc  wheels  are  formed  of  steel  by  casting,  and  twenty- 


Mode  of  Fixing  Tires  on  Locomotive  WJieeU      293 

two  such  wheels  cast  in  one  piece  were  shown  at  the  Paris  Exhibi- 
tion of  1867. 

Q,  How  do  you  find  the  length  of  bar  necessary  for  forming  a 
tire? 

A.  To  find  the  proper  length  of  bar  requisite  for  the  formation 
of  a  hoop  of  any  given  diameter,  add  the  thickness  of  the  bar  to 
the  required  diameter,  and  the  corresponding  circumference  in 
table  of  circumferences  of  circles  is  the  length  of  the  bar.  If  the 
iron  be  bent  edgewise  the  breadth  of  the  bar  must  be  added  to 
tho  diameter,  for  it  is  the  thickness  of  the  bar  measured  radially 
that  is  to  be  taken  into  consideration.  In  the  tires  of  railway 
wheels,  which  have  a  flange  on  one  edge,  it  is  necessary  to  add 
not  only  the  thickness  of  the  tire,  but  also  two-thirds  of  the  depth 
of  the  flange.  The  tires,  however,  as  above  stated,  are  now  rolled 
to  the  right  size  at  once,  m  a  special  machine,  whereby  a  weld 
is  avoided.  The  ingot  after  being  cast  is  hammered  doAMi  into  a 
piece  like  a  cheese,  which  is  then  punched,  next  widened  out,  and 
finally  rolled.  The  punch  with  which  the  perforation  is  effected  is 
like  the  horn  of  an  anvil. 

Q.  How  are  the  tires  attached  to  the  wheels  ? 

A.  The  tire  is  first  heated  to  redness  in  a  circular  furnace. 

During  the  time  it  is  getting  hot,  the  iron  wheel,  turned  to  the  right 

diameter,  is  bolted  down  upon  a  face  or  surface  plate.    The  tire 

expands  with  the  heat,  and  when  at  a  cherry  red,  it  is  drop]>ed 

over  the  wheel,  for  which  it  was  previously  too  small,  and  it  is  also 

hastily  bolted  down  to  the  surface  plate.    The  whole  mass  is  then 

quickly  inunersed  by  a  swing  crane  in  a  tank  of  water  five  feet 

deep,  and  hauled   up  and  down   till   nearly   cold.     The  tire   is 

attached  to  the  rim  with  rivets  having  countersunk  heads,  and  the 

wheel  is  then  fixed  on  its  axle. 

Q.  What  is  the  most  approved  form  of  modem  wheel  for  rail- 
way carriages  ? 

A,  On  the  whole,  the  disc  wheel  appears  to  be  the  best  one  ; 
It  IS  strongest,  and  acts  least  as  a  fan  in  raising  the  dust.  Of  disc 
wheels  there  are  two  approved  varieties  :  one  has  the  central  part 
fonned  of  wood,  placed  radially  and  surrounded  by  a  steel  hoop 
^  tire ;  the  other  is  a  solid  disc  of  steel,  with  the  web  concen- 
trically corrugated,  to  give  elasticity  to  the  wheel  and  diminish 
the  shock  upon  the  railway.  Wheels  are  sometimes  made  with  a 
poove  formed  in  the  rim  into  which  springs  are  introduced,  which 
press  upon  an  encircling  hoop  that  rests  on  the  rail,  and  the  dura- 
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bility  of  the  wheel  and  rail  are  thus  increased  from  the  increased 
elasticity  imparted.  But  this  plan  has  not  yet  been  presented  in 
such  a  form  as  to  have  come  into  permanent  use.  In  all  railways 
it  is  very  desirable  that  the  weight  should  be  spread  as  evenly 
as  possible  over  a  large  number  of  wheels.  The  rails  should  be 
kept  smooth  and  fair ;  and  both  rails  and  wheels  should  be  so 
made  as  to  give  elasticity.  It  qannot  be  said  that  any  good  method 
has  yet  been  devised  of  accommodating  the  engine  to  curves  ;  but 
radial  axle-boxes  or  bogies  may  be  employed. 

Q,  Are  any  precautions  taken  to  prevent  engines  from  being 
thrown  off  the  rails  by  obstructions  left  upon  the  line  ? 

A,  In  most  engines  a  bar  is  strongly  attached  to  the  front  of 
the  carriage  on  each  side,  and  projects  perpendicularly  downwards 
to  within  a  short  distance  of  the  rail,  to  clear  away  stones  or  other 
obstructions  that  might  occasion  accidents  if  the  engine  ran  over 
them.  Originally  nearly  all  trains  had  too  little  brake  power,  but 
a  powerful  steam  brake  acting  on  all  the  wheels  of  the  train  has 
now  been  introduced. 

Q,  What  precautions  are  taken  against  accident  from 
straying  upon  the  line  .^ 

A,  In  America  and  other  countries,  where  in  some  districts 
railways  are  unfenced,  it  is  usual  to  put  a  gieat  scoop,  formed 
strong  bars,  in  front  of  the  engine.    This  scoop,  which  is  called  a 

cow-catcher,  receives  any  animal  the  train  may  overtake,  and  thi 
prevents  the  obstruction  from  throwing  the  engine  off  the  rails. 
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CHAPTER  VII. 
STEAM  NAVIGATION. 

RESISTANCE  OF  VESSELS  IN  WATER. 

Q.  How  do  you  determine  the  resistance  encountered  by  a  vessel 
moving  in  water  ? 

A.  The  resistance  experienced  by  vessels  moving  in  water 
varies  as  the  square  of  the  velocity  of  their  motion,  or  nearly  so  ; 
and  the  power  necessary  to  impart  an  increased  velocity  varies 
nearly  as  the  cube  of  such  increased  velocity.  To  double  the 
velocity  of  a  steam  vessel,  therefore,  will  require  four  times  the 
amount  of  tractive  force,  and  as  that  quadrupled  force  must  act 
through  twice  the  distance  in  the  same  time,  an  engine  capable 
of  exerting  eight  limes  the  original  power  will  be  required.  This 
statement  supposes  that  there  is  no  difference  of  level  between  the 
vrater  at  the  bow  and  the  water  at  the  stem.  In  the  experiments 
on  the  French  steamer  *  Pelican,*  the  resistance  was  found  to  vary 
as  the  2*28th  power  of  the  velocity.  But  the  deviation  from  the 
recognised  law  was  imputed  to  a  difference  in  the  level  of  the 
water  at  the  bow  and  stem. 

g.  In  the  case  of  a  board  moving  in  water  in  the  manner  of 
a  paddle  float,  or  in  the  case  of  moving  water  impinging  on  a 
stationary  board,   what   will   be   the   pressure  produced  by  the 

impact? 

A,  The  pressure  produced  upon  a  flat  board,  by  water  striking 
at  right  angles  to  the  surface  of  the  board,  will  be  equal  to  the 
weight  of  a  column  of  water  having  the  surface  struck  as  a  base, 
and  for  its  altitude  twice  the  height  due  to  the  velocity  with  which 
the  board  moves  through  the  water.  If  the  board  strike  the  water 
obliquely,  the  resistance  will  be  less,  but  until  lately  no  very  reliable 
law  has  been  discovered  to  determine  its  amount. 

Q.  Will  not  the  resistance  of  a  vessel  in  moving  through  \)l\^ 
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water  be  much  less  than  that  of  a  flat  board  of  the  area  of  the 
cross  section  ? 

A,  It  will  be  very  much  less,  as  is  manifest  from  the  compara- 
tively snudl  area  of  paddle  board,  and  the  small  area  of  the  circle 
described  by  the  screw,  relatively  with  the  area  of  the  immersed 
midship  section  of  the  vessel.  The  absolute  speed  of  a  vessel, 
with  any  given  amount  of  power,  will  depend  very  much  upon  her 
shape. 

Q,  In  what  way  is  it  that  the  shape  of  a  vessel  influences  her 
resistance,  since  vessels  of  the  same  sectional  area  and  of  the  same 
speed  must  manifestly  put  in  motion  a  column  of  water  of  the 
same  magnitude  and  with  the  same  velocity  ? 

A.  A  vessel  will  not  strike  the  water  with  the  same  velocity 
when  the  bow  lines  are  sharp  as  when  they  are  otherwise  ;  for  a 
very  sharp  bow  has  the  effect  of  enabling  the  vessel  to  move  througl 
a  great  distance,  while  the  pr^rticles  of  water  are  moved  aside  but 
a  small  distance,  or,  in  other  words,  it  causes  the  velocity  witl — ::3ii 
which  the  water  is  moved  to  be  very  small  relatively  with 
velocity  of  the  vessel  ;  and  as  the  resistance  increases  rapidly  wit 
the  velocity  with  which  the  water  is  moved,  it  is  conceivable  enot^ 
in  what  way  a  sharp  bow  may  diminish  the  resistance. 

g.  Is  the  whole  power  expended  in  the  propulsion  of  a  vess"^    -el 
consumed  in  moving  aside  the  water  to  enable  the  vessel  to  pass         ? 

A,  By  no  means ;  only  a  portion,  and  in  well-formed  vess^=ls 
only  a  small  portion,  of  the  power  is  thus  consumed^     In  tl^Be 
majority  of  cases,  the  greater  part  of  the  power  is  expended         in 
overcoming  the  friction  of  the  water  upon  the  bottom  of  the  v< 
and  the  problem  chiefly  claiming  consideration  is,  in  what  n^ 
we  may  diminish  this  friction. 

g.  Does  the  resistance  produced  by  this  friction  increase  wr-  ith 
the  velocity  ? 

A,  It  increases  nearly  as  the  square  of  the  velocity.    At 
nautical  miles  per  hour,  the  thrust  necessary  to  overcome  the 
tion  varies  as  the  1*823  power  of  the  velocity  ;  and  at  eight  nauti**' 
miles  per  hour,  the  thrust  necessary  to  overcome  the  friction  vaX^^ 
as  the  1 713  power  of  the  velocity.     It  is  hardly  proper,  pcrh^P^ 
to  call  this  resistance  by  the  name  of  friction  ;  it  is  partly,  perb^i* 
mainly,  due  to  the  viscidity  or  adhesion  of  the  water. 

Q,  Perhaps  at  high  velocities  this  resistance  may  become  \tss^ 

A,  In  former  editions  of  this  work  such  a  result,  it  was  state<t 
was  highly  probable,  and  recent  experience  with  fast  torpedo-bo^ts 
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has  rather  strengthened  this  anticipation.  It  may  happen  that  at 
very  high  velocities  the  adhesion  is  to  some  extent  overcome,  so 
that  the  water  is  dragged  off  the  vessel,  and  that  the  friction  there- 
aiter  follows  the  law  which  obtains  in  the  case  of  solid  bodies.  At  all 
events,  it  has  been  found  that  the  resistance,  which  at  moderate 
velocities  varies  as  the  square,  became  greater  with  the  speed 
until  it  exceeded  the  cube,  and  thereafter  with  still  increasing 
velocities  the  resistance  declined  rather  than  increased.  But  this 
is  no  doubt  in  pait  imputable  lo  the  circumstance  that  light  boats 
rise  in  the  water  at  a  high  speed,  and  to  some  extent  skim  it,  so 
that  their  immersed  section  becomes  less. 

Q.  Up  to  such  speeds  as  lo  miles  an  hour  has  any  considerable 
departure  been  observed  from  the  law  that  the  frictional  resistance 
of  a  body  moving  in  water  varies  nearly  as  the  square  of  the  speed  ? 

A.  Na 

Q,  Does  the  amount  of  the  friction  per  square  foot  vary  with 
the  nature  of  the  surface  ? 

A,  Yes.     Rough  surfaces  have  more  resistance  than  smooth. 

Q.  Is  the  friction  per  square  foot  of  a  ship's  bottom  greater  at 
the  bow  than  further  astern  ? 

A.  It  is  greater  at  the  bow.  The  result  of  Mr,  Fronde's  experi- 
ments made  with  planks  of  different  lengths  and  prepared  with 
difiercnt  kinds  of  sutface  is  given  in  the  following  table : — 
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resistances  in  pounds  or  tons.  The  first  experiments  made  upon 
this  subject  were  conducted  by  Messrs.  Boulton  and  Watt,  and 
they  were  numerous,  long-continued,  and  carefully  performed. 
These  experiments  were  made  upon  paddle  vessels,  and  the  results 
of  them  were  first  communicated  to  the  public  in  the  present 
work. 

Q,  Will  you  recount  the  chief  results  of  these  experiments  ? 
A,  The  purpose  of  the  experiments  was  to  establish  a  coefficient 
of  performance,  which  with  any  given  class  of  vessel  would  enable 
the  speed  which  would  be  obtained  with  any  given  power  to  be 
readily  predicted.  This  coefficient  was  obtained  by  multiplying 
the  cube  of  the  velocity  of  the  vessels  experimented  upon,  in  miles 
per  hour,  by  the  sectional  area  of  the  immersed  midship  section  in 
square  feet,  and  dividing  by  the  numbers  of  nominal  horses  power, 
and  this  coefficient  was  large  in  the  proportion  of  the  goodness  of 
the  shape  of  the  vessel 

Q,  How  many  of  these  early  experiments   were  made  alto- 
gether? 

A,  There  were  five  different  sets  of  experiments  on  five  different 
classes  of  vessels.  The  first  set  of  experiments  was  made  in  1828, 
upon  the  vessels  *  Caledonia,'  '  Diana,'  '  Eclipse,'  *  Kinshead,' 
*  Moordyke,'  and  *  Eagle ' — vessels  of  a  similar  form  and  all  with 
square  bilges  and  fiat  floors  ;  and  the  result  was  to  establish  the 
number  925  as  the  coefficient  of  performance  of  such  vessels.  The 
second  set  of  experiments  was  made  upon  the  superior  vessels 
"*  Venus,'  *Swiftsure,'  *  Dasher,'  *  Arrow,'  *  Spitfire,'  *Fury,'  *  Albion,' 

*  Queen,'   *  Dart,'    *  Hawk,'    *  Margaret,'  and   *Hero' — all  vessels 
having  fjat  floors  and  round  bilges,  where  the  coefficient  became 

')i6o.    The  third  set  of  experiments  was  made  upon  the  vessels 

*  Lightning,'  *  Meteor,'  *  James  Watt,'  *  Cinderella,'  *  Navy  Meteor,' 

*  Crocodile,'  *  Watersprite,'  *  Thetis,'  *  Dolphin,'  '  Wizard,'  *  Escape,' 
^d  *  Dragon ' — all  vessels  with  rising  floors  and  round  bilges,  and 
"*«  coefficient  of  performance  was  found  to  be  1,430.  The  fourth 
^t  of  experiments  was  made  in  1834,  upon  the  vessels  *  Magnet,' 
'^art,'  *  Eclipse,'  *Flamer,'  *  Firefly,'  *  Ferret,'  and  'Monarch,' 
^^en  the  coefficient  of  performance  was  found  to  be  1,580.  The 
'^^th  set  of  experiments  was  made  upon  the  *  Red  Rover,'  *  City  of 
^terbury,'  *  Heme,'  *  Queen,'  and  *  Prince  of  Wales,'  and  in  the 
^^  of  those  vessels  the  coefficient  rose  to  2,550.  The  velocity  of 
^y  of  these  vessels,  with  any  power  or  sectional  area,  may  be 
Pertained  by  multiplying  the  coefficient  of  its  class  by  the  nominal 
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boiler,  as  well  as  the  superior  form  of  the  ship.  The  nominal 
power  of  the  *  Red  Rover,*  *  Heme,'  and  *  City  of  Canterbury* 
is,  in  each  case,  120  horses,  but  the  actual  power  of  the  *Red 
Rover '  is  294,  of  the  *  Heme '  354,  and  of  the  *  City  of  Canterbury* 
J06,  and  in  some  vessels  the  excess  is  still  greater  ;  so  that  with 
such  variations  it  becomes  necessary  to  adopt  a  coefficient  derived 
from  the  introduction  of  the  actual  instead  of  the  nominal  power. 

Q.  What  will  be  the  average  difference  between  the  nominal 
and  actual  powers  in  the  several  classes  of  vessels  you  have 
mentioned  and  the  respective  coefficients  when  corrected  for  the 
actual  power  ? 

A.  \Ti  the  first  class  of  vessels  experimented  upon,  the  actual 
power  was  about  i  "6  times  greater  than  the  nominal  power  ;  in  the 
second   class,  i  '67   times  greater  ;   in  the   third  class,   1 7  times 
greater;  and  in  the  fourth,   1-96   times  greater;  while  in  such 
vessels  as  the  *Red  Rover*  and  *City  of  Canterbury*  it  was  2^5 
times  greater;  so  that  if  we  adopt  the  actual  instead  of  the 
nominal  power  in  fixing  the  coefficients,  we  shall  have  554  as  the 
first  coefficient,  694  as  the  second,  832  for  the  third,  and  806  for 
the  fourth,  instead  of  925,  1,160,  1,430,  and  1,580,  as  previously 
specified;  while  for  such  vessels  as  the  *Red  Rover,*  *Heme,* 
•Queen,*  and  *  Prince  of  Wales,*  we  shall  have  962  instead  of 
2,550.    These  smaller  coefficients,  then,  express  the  relative  merits 
of  the  different  vessels  without  reference  to  any  difference  of  efficacy 
in  the  engines,  and  it  appears  preferable,  with  such  a  variable 
excess  of  the  actual  over  the  nominal  power,  to  employ  them  in- 
stead of  those  first  referred  to.     From  the  circumstance  of  the  third 
of  the  new  coefficients  being  greater  thaii  the  fourth,  it  appears  that 
the  superior  result  in  the  fourth  set  of  experiments  arose  altogether 
^from  a  greater  excess  of  the  actual  over  the  nominal  power. 

0.  These  experiments,  you  have  already  stated,  were  all  made 
^  paddle  vessels.  Have  similar  coefficients  of  performance  been 
<ibtained  in  the  case  of  screw  vessels  ? 

A.  The  coefficients  of  a  great  number  of  screw  vessels  have 
^^CMi  obtained  and  recorded,  but  it  would  occupy  too  much  time  to 
^JUnncrate  them  here.  The  coefficient  of  performance  of  the 
'Fairy » is  464*8  ;  of  the  *  Rattler  *  6768  ;  and  of  the  *  Frankfort ' 
792'3.  This  coefficient,  however,  refers  to  nautical  and  not  to 
^tute  miles.  If  reduced  to  statute  miles  for  the  purpose  of 
^^parison  with  the  previous  experiments,  the  coefficients  will  re- 
spectively become  703,  1,033,  and  1,212  ;  which  indicate  that  the 
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performance  of  screw  vessels  is  equal  to  the  performance  of  paddle 
vessels,  but  some  of  the  superiority  of  the  result  may  be  imputed 
to  the  superior  size  of  the  screw  vessels.  In  modem  practice  the 
measure  of  distance  is  always  the  nautical  mile,  and  the  measure  of 
power  the  actual  power. 

INFLUENCE  OF  THE  SIZE  OF  VESSELS  UPON  THEIR  SPEED. 

Q.  Will  large  vessels  attain  a  greater  speed  than  small,  sup- 
posing each  to  be  furnished  with  the  same  proportionate  power  ? 

A.  It  is  well  known  that  large  vessels  furnished  with  the  same 
proportionate  power  will  attain  a  greater  speed  than  small  vessels, 
as  appears  from  the  rule  usual  in  yacht  races  of  allowing  a  certain 
part  of  the  distance  to  be  run  to  vessels  which  are  of  inferior  size. 
The  velocity  attained  by  a  large  vessel  will  be  greater  than  the 
velocity  attained  by  a  small  vessel  of  the  same  mould  and  the  same 
proportionate  power,  in  the  proportion  of  the  square  roots  of  the 
linear  dimensions  of  the  vessels.     This  law  discovered  by  the  late 
Mr.  Reech,  and  promulgated  in  the  early  editions  of  this  work,  was 
adopted  by  the  late  Mr.  Froude  as  the  basis  of  his  researches,  by 
which,  by  experiments  on  models,  he  was  able  to  predict  the  per- 
formance of  large  vessels.    He  found  that  the  resistance  of  a  vessel 
is  in  the  proportion  of  the  cube  of  her  linear  dimension  at  speeds 
proportional  to  the  square  root  of  her  linear  dimension. 

STRUCTURE  AND  OPERATION  OF  PADDLE  WHEELS. 

Q.  Will  you  describe  the  configuration  and  mode  of  action  of 
the  paddle  wheels  in  most  general  use  .^ 

A.  Paddle  vessels  of  every  kind  have  very  much  gone  out  of 
late  years.  Yet  there  are  two  kinds  of  paddle  wheels  still  in  use, 
the  one  being  the  ordinary  radial  wheel,  in  which  the  floats  ^ 
fixed  on  arms  radiating  from  the  centre  ;  and  the  other  the  feather- 
ing wheel,  in  which  each  float  is  hung  upon  a  centre,  and  is  ^ 
governed  by  suitable  mechanism  as  to  be  aJways  kept  in  nearly  th^ 
vertical  position.  In  the  radial  wheel  there  is  some  loss  of  po*^ 
from  oblique  action,  whereas  in  the  feathering  wheel  there  is  Ht*^ 
or  no  loss  from  this  cause  ;  but  in  every  kind  of  paddle  there  is  * 
loss  of  power  from  the  recession  of  the  water  from  the  ^^ 
boards,  or  the  sUp^  as  it  is  conmionly  called  ;  and  this  loss  is  the 
necessary  condition  of  the  resistance  for  the.  propulsion  of  the 
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vessel  being  created  in  a  fluid.  The  slip  is  expressed  by  the 
difference  between  the  speed  of  the  wheel  and  the  speed  of  the 
vessel,  and  the  larger  this  difference  is  the  greater  the  loss  of 
power  from  slip  must  be — ^the  consumption  of  steam  in  the  engine 
being  proportionate  to  the  velocity  of  the  wheel,  and  the  useful 
effect  being  proportionate  to  the  speed  of  the  ship. 

Q,  The  resistance  necessary  for  propulsion  will  not  be  situated 
at  the  circumference  of  the  wheel  ? 

A.  \n  the  feathering  wheel,  where  every  part  of  any  one  im- 
merged  float  moves  forward  with  about  the  same  horizontal  velocity, 
the  pressure  or  resistance  may  be  supposed  to  be  concentrated  in 
the  centre  of  the  float ;  whereas,  in  the  common  radial  wheel  this 
cannot  be  the  case,  for  as  the  outer  edge  of  the  float  moves  in  a 
larger  circle,  and  therefore  more  rapidly  than  the  edge  nearest  the 
centre  of  the  wheel,  the  outer  part  of  the  float  is  the  most  effectual 
in  propulsion.     The  point  at  which  the  outer  and  inner  portions  of 
the  float  just  balance  one  another  in  propelling  effect  is  called  the 
centre  of  pressure ;  and  if  all  the  resistances  were  concentrated  in 
this  point,  they  would  have  the  same  effect  as  before  in  resisting 
the  rotation  of  the  wheel.     The  resistance  upon  any  one  moving 
float  board  totally  immersed  in  the  water  will,  when  the  vessel  is 
at  rest,  obviously  vary  as  the  square  of  its  distance  from  the  centre 
of  motion,  the  resistance  of  a  fluid  through  a  given  distance  varying 
with  the  square  of  the  velocity ;  but,  except  when  the  wheel  is 
sunk  to  the  axle  or  altogether  inunersed  in  the  water,  it  is  impos- 
sible, under  ordinary  circumstances,  for  one  float  to  be  totally 
immersed  without  others  being  immersed  partially,  whereby  the 
arc  described  by  the  extremity  of  the  paddle  arm  will  become 
greater  than  the  arc  described  by  the  inner  edge  of  the  float ;  and 
consequently  the  resistance  upon  any  part  of  the  float  will  increase 
Jn  a  higher  ratio  than  the  square  of  its  distance  from  the  centre  of 
"notion — the  position  of  the  centre  of  pressure  being  at  the  same 
^nic  correspondingly  affected.     In  the  feathering  wheel  the  posi- 
^  of  the  centre  of  pressure  of  the  entering  and  emerging  floats 
|s  continually  changing  from  the  lower  edge  of  the  float — where 
"^  is  when  the  float  is  entering  or  leaving  the  water — to  the 
^tre  of  the  float,  which  is  its  position  when  the  float  is  wholly 
"oiinerged ;   but  in  the  radial   wheel  the  centre  of  pressure  can 
^ver  rise  so  high  as  the  centre  of  the  float. 

Q.  All  this  relates  to  the  action  of  the  paddle  when  the  vessel 
is  at  rest :  will  you  explain  its  action  when  the  vessel  is  in  motion  t 


304    Nature  of  the  Curves  described  by  Paddle  Floats. 

A,  When  the  wheel  of  a  coach  rolls  along  the  ground,  any 
point  of  its  periphery  describes  in  the  air  a  curve  which  is  termed 
a  cycloid.    Any  point  within  the  periphery  traces  a  prolate  or  pro- 
tracted cycloid,  and  any  point  exterior  to  the  periphery  traces  a 
■curtate  or  contracted  cycloid — the  prolate  cycloid  partaking  more 
of  the  nature  of  a  straight  line,  and  the  curtate  cycloid  more  of  the 
nature  of  a  circle.    The  action  of  a  paddle  wheel  in  the  water  re- 
sembles in  this  respect  that  of  the  wheel  of  a  carriage  running  along 
the  ground  :  that  point  in  the  radius  of  the  paddle  of  which  the 
rotative  speed  is  just  equal  to  the  velocity  of  the  vessel  will  describe 
a  cycloid ;  points  nearer  the  centre,  prolate  cycloids,  and  points 
farther  from  the  centre,  curtate  cycloids.    The  circle  described  by 
the  point  whose  velocity  equals  the  velocity  of  the  ship  is  called 
the  rolling  circle^  and  the  resistance   due  to  the  difference  oi£ 
velocity  of  the  rolling  circle  and  centre  of  pressure  is  that  whicli 
operates  in  giving  the  necessary  resistance  to  the  float-boards  for 
the  propulsion  of  the  vessel.     The  resistance  upon  any  part  of  the 
float,  therefore,  in  passing  through  any  given  distance,  wiU  vary  as 
the  square  of  its  distance  from  the  rolling  circle,  supposing  the 
float  to  be  totally  immerged  ;  but,  taking  into  account  the  greater 
length  of  time  during  which  the  extremity  of  the  paddle  acts, 
whereby  the  resistance  will  be  made  greater,  we  shall  not  err  fu 
in  estimating  the  resistance  per  unit  of  motion  upon  any  point  at 
the  third  power  of  its  distance  from  the  rolling  circle  in  the  case  of 
light  immersions,  and  the  2*5  power  in  the  case  of  deep  immersions' 

Q,  Should  the  floats  in  feathering  wheels  enter  and  leave  the 
water  vertically  ? 

A.  The  floats  should  be  so  governed  by  the  central  crank  cw 
eccentric,  that  the  entering  and  emerging  floats  have  a  direction 
intermediate  between  a  radius  and  a  vertical  line. 

Q.  Can  you  give  any  practical  rules  for  proportioning  paddk 
wheels  ? 

A.  A  common  rule  for  the  pitch  of  the  floats  in  radial  whed* 
is  to  allow  one  float  for  every  foot  of  diameter  of  the  wheel,  tfd 
in  feathering  wheels  the  floats  are  placed  about  twice  as  far  af^ 
as  in  radiaL  To  find  the  proper  area  of  a  single  float :  Divide 
the  number  of  actual  horses  power  of  both  engines  by  the  diameter 
of  the  wheel  in  feet ;  the  quotient  is  the  area  of  one  paddle-board 
in  square  feet  proper  for  sea-going  vessels,  and  the  area  multiplied 
by  0-6  will  give  the  length  of  the  float  in  feet.  In  very  sharp 
vessels,  which  offer  less  resistance  in  passing  through  the  water, 
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the  area  of  paddle-board  is  usually  one-fouith  less  than  the  above 
proportion,  and  the  proper  length  of  the  float  may  in  such  case  be 
found  by  multiplying  the  area  by  07.  In  sea-going  vessels  with 
radial  wheels  about  four  floats  are  usually  immersed,  and  in  river 
steamers  less  than  this.  There  is  more  slip  in  the  latter  case,  but 
there  is  also  more  engine  power  exerted  in  the  propulsion  of  the 
ship,  from  the  greater  speed  of  engine  thus  rendered  possible. 

Q.  Then  is  it  beneficial  to  use  small  floats  ? 

A*  Quite  the  contrary.     If,  to  permit  a  greater  speed  of  the 
engine,  the  floats  be  diminished  in  area  instead  of  being  raised  out 
of  the  water,  no  appreciable  accession  to  the  speed  of  the  vessel 
will  be  obtained  ;  whereas  there  will  be  an  increased  speed  of  vessel 
if  the  accelerated  speed  of  the  engine  be  caused  by  diminishing 
the  diameter  of  the  wheels.     In  vessels  intended  to  be  very  fast, 
therefore,  it  is  expedient  to  make  the  wheels  small,  so  as  to  enable 
the  engine  to  work  with  a  high  velocity ;  and  it  is  expedient  to 
make  such  wheels  of  the  feathering  kind,  to  obviate  loss  of  power 
from  oblique  action.     In  no  wheel  must  the  rolling  circle  fall  below 
the  water  line,  else  the  entering  and  emerging  floats  will  carry 
masses  of  water  before  them.     The  slip  is  usually  equal  to  about 
one-fourth  of  the  velocity  of  the  centre  of  pressure  in  well-propor- 
tioned wheels  ;  but  it  is  desirable  to  have  the  slip  as  small  as  is 
possible  consistently  with  the  observance  of  other  necessary  con- 
ations.    The  speed  of  the  engine  and  also  the  speed  of  the  vessel 
being  fixed,  the  diameter  of  the  rolling  circle  becomes  at  once 
ascertainable,  and  adding  to  this  the  slip,  we  have  the  diameter  of 
the  wheel. 

CONFIGUR.\TION   AND  ACTION   OV  THK   SCREW. 

2-  Will  you  describe  the  configuration  and  mode  of  action  of 
^e  screw  propeller  ? 

A,  The  form  of  screw  propeller  finally  adopted  in  the  *  Rattler,* 
^er  numerous  experiments  to  determine  the  best  proportions,  is 
^represented  in  figs.  100  and  loi  ;  fig.  100  being  a  perspective  view, 
^Jidfig.  loi  an  end  view,  or  view  such  as  is  seen  when  looking  upon 
^e  end  of  the  shaft ;  but  it  is  found  better  to  narrow  the  blade  at 
>ts  outer  part,  so  as  to  bring  it  to  somewhat  of  a  shovel  form. 
*lic  screw  here  represented  is  one  with  two  arms  or  blades.  But 
^Ome  screws  have  three  arms,  some  four,  and  some  six.  The 
^Crcw,  on  being  put  into  revolution  by  the  engine,  preserves  a  spiral 
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path  in  the  water,  in  which  it  draws  itself  forward  in  the  same 
way  as  a  screw  nail  does  when  turned  round  in  a  piece  of  wood^ 

whereas  the  paddle  wheel  more  resembles 
the  action  of  a  cog  wheel  working  in  a 
rack. 

Q.  But  the  screw  of  a  steam  vessel 
has  no  resemblance  to  a  screw  nail  ? 

A.  It  has,  in  fact,  a  very  close  resem- 
blance, if  you  suppose  only  a  very  short 
piece  of  the  screw  nail  to  be  employed, 
and  if  you  suppose,  moreover,  the  thread 
of  the  screw  to  be  cut  nearly  into  the 
centre  to  prevent  the  wood  from  strip- 
Figs.  loo  and  lox. -Ordinary  Pi^g-  The  original  screw  propellers  were 
form  of  Screw  Propeller.      made  with  several  convolutions  of  screw, 

but  it  was  found  advantageous  to  shorten 
them,  until  they  are  now  only  made  about  one-sixth  of  a  convolution 
in  length. 

Q.  And  the  pitch  you  have  already  explained  to  be  the  distance 
in  the  line  of  the  shaft  from  one  convolution  to  the  next,  supposing 
the  screw  to  consist  of  one  or  more  convolutions  ? 

A.  Yes,  that  is  what  is  meant  by  the  pitch.     If  a  thread  be 
wound  upon  a  cylinder  with  an  equal  distance  between  the  con- 
volutions, it  will  trace  a  screw  of  a  uniform  pitch  ;  and  if  the 
thread  be  wound  upon  the  cylinder  with  an  increasing  distance 
between  each  convolution,  it  will  trace  a  screw  of  an  increasing 
pitch.     But  two  or  more  threads  may  be  wound  upon  the  cylinder 
at  the  same  time,  instead  of  a  single  thread.     If  two  threads  be 
wound  upon  it  they  will  trace  a  double-threaded  screw ;  if  three 
threads  be  wound  upon  it  they  will  trace  a  treble-threaded  scre»'J 
and  so  of  any  other  number.     Now  if  the  thread  be  supposed  to 
be  raised  up  into  a  very  deep  and  thin  spiral  feather,  and  the 
cylinder  be  supposed  to  become  very  small,  like  the  newel  of  a 
spiral  stair,  then  a  screw  will  be  obtained  of  the  kind  proper  for 
proj)elling  vessels,  except  that  only  a  very  short  piece  of  such 
screw  must  be  employed.     Whatever  be  the  number  of  thrcafls 
wound  upon  a  cylinder,  if  the  cylinder  be  cut  across  all  the  threads 
will  be  cut    A  slice  cut  out  of  the  cylinder  will  therefore  contain 
a  piece  of  each  thread.    But  the  threads,  in  the  case  of  a  sere* 
propeller,  answer  to  the  arms,  so  that  in  every  screw  propeller  the 
number  of  threads  entering  into  the  composition  of  the  screw  «"i^^ 
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be  the  same  as  the  number  of  arms.    An  ordinary  screw  with  two 
blades  is  a  short  piece  of  a  screw  of  two  threads. 

Q.  In  what  part  of  the  ship  is  the  screw  usually  placed  ? 
A.  In  that  part  of  the  run  of  the  ship  called  the  dead  wood, 
which  is  a  thin  and  unused 
part  of  the  vessel  just  in  ad- 
vance of  the  rudder.  The 
usual  arrangement  is  shown 
in  fig.  102,  which  represents 
the  application  to  a  vessel  of 
a  species  of  screw  which  has 
the  arms  bent  backwards,  to 
counteract  the  centrifugal 
motion  given  to  the  water 
when  there  is  a  considerable 
unount  of  slip. 

Q.  How  is  the  slip  in  a 
screw  vessel  determined  ? 

A.  By  comparing  the 
actual  sfieed  of  the  vessel 
with  the  speed  due  to  the 
pitch  and  number  of  revolu- 
dons  of  the  screw,  or,  what 
ia  the  same  thing,  the  speed 
i*ich  the  vessel  would  attain  ""'S-  ""■ "  ««i"«"''  s<tc-  Pmp.ii.r. 

if  the  screw  worked  in  a  solid  nuL    The  difference  between  the 
utual  speed  and  this  hypothetical  speed  is  the  slip. 

Q.  In  well-formed  screw  propellers  what  is  the  amount  of  slip 
found  to  be  ? 

A.  If  the  screw  be  properly  proportioned  to  the  resistance 
tkal  the  vessel  has  10  overcome,  the  slip  will  not  be  more  than 
'0  per  cent,  but  in  some  cases  it  amounts  to  30  per  cent,  or  even 
note  than  this.  In  other  cases,  however,  the  slip  is  nothing  at 
*11.  and  even  less  than  nothing  ;  or,  in  other  words,  the  vessel 
PKies  through  the  water  with  a  greater  velocity  than  if  the  screw 
*tte  working  in  a  solid  nut. 

2-  Then  it  must  be  by  the  aid  of  the  wind  or  some  other  ex- 
''aneous  force  ? 
A.  No  ;  by  the  action  of  the  screw  alone. 
Q.  But  how  is  such  a  result  possible  i 
A.  It  appears  to  be  partly  owing  to  the  centrifugal  action  of 
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ilie  screw,  whidi  interposes  a  film  or  wedge  of  water  between  iho 
screw  itself  and  the  water  on  which  the  screw  reacts.  This  nega- 
tive slip,  as  it  is  called,  chieHy  occurs  when  the  pitch  of  the  s 
i  less  than  its  diameter,  and  when,  consequently,  the  velocity  d 
otation  is  greater  than  if  a  coarser  pitch  had  been  employee' 
There  is,  moreover,  in  all  vessels  passing  through  the  water  » 
any  considerable  velocity,  a  current  of  water  following  the  vesse 
n  which  current  the  screw  will  revolve  ;  and  the  phenomeitor 
negative  slip  is  imputable  mainly  to  the  existence  of  this  c 
which  contains  much  of  the  vis  viva  generated  by  the  en^ne. 
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COMPARATIVE  ADVANTAGES  OF  PADDLE  AND  SCREW  VESSELS 

tj.  Whetlier  do  you  consider  paddle  or  screw  vessels  t< 
ilie  whole  the  mare  advantageous? 

A.  That   is   a.   question   which    can   only  receive   a   q 
answer.     In  some  cases  the  use  of  paddles  is  indispensable,  "' 
for  example,  in  the  case  of  river  vessels  of  a  limited  draught  u^^H 
water,  where  it  would  not  be  possible  to  get  sufficient  depth  '-rlr- 
the  water  surface  to  enable  a  screw  of  a  proper  diameter  to  b^MK 
yol  in. 

Q.  But  how  does  the  matter  stand  in  the  case  of  ocean  vessel^^    ,' 

A.  This  question  is  practically  answered  by  the  almost  universi^^aJ 
supersession  of  paddle  vessels  by  screws.     But  in  the  experiment  ^b 
instituted  when  the  screw  was  being  introduced,  it  was  found     "311 
the  case  of   small  vessels  that  paddle  vessels  filled  with  t'*ic 
ordinary  radial  wheels,  and  screw  vessels   fitted  with  the  ordin^k^ 
screw,  were  about  equally  efficient  in  calms  and  in  foir  or  be^kJii 
winds  with  light  and  medium  immersions.     If  the  \-esseU  H"*;fr 
loaded  deeply,  however,  as  vessels  starting  on  a  long  voyage  ^uiif 
carrying  much  coal   must  almost   necessarily  be,  then  the  scr*" 
had  an  advantage,  since  the  screw  acts  in  its  best  manner  wtwn 
deeply  immersed,  and  the  paddles  in  their  worsL    When  a  scrcn 
nnd  paddle  vessel,  however,  of  the  same  model  and  power  iw 
set  to  encounter  head  winds,  the  paddle  vessel,  it  was  found,  W 
in  all   cases  an  advantage,  not  in  speed,  but   in  economy  of  fiit' 
For  whereas  in  a  paddle  vessel,  when  her  progress  is  resisted,  ili^ 
speed  of  Ihc  engine  diminishes  nearly  in  the   proportion  of  ill 
diminished  speed  of  ship,  it  happens  that  i 
is  not  so — at  least  to  an  equal  extent— but  the  engines  woA  *' 
nearly  the  same  rate  of  speed  as  if  no  increase  of  resisMnec  It ' 
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been  encountered  by  the  ship.  It  follows  from  this  circumstance, 
that  whereas  in  paddle  vessels  the  consumption  of  steam,  and 
therefore  of  fuel,  per  hour  is  materially  diminished  when  head 
winds  occur,  in  screw  vessels  a  similar  diminution  in  the  consump- 
tion of  steam  and  fuel  does  not  take  place. 

Q,  But  perhaps  under  such  circumstances  the  speed  of  the 
screw  vessel  would  be  the  greater  of  the  two  ? 

A.  No ;  the  speed  of  the  two  vessels  would  be  the  same,  un- 
less the  strength  of  the  head  wind  were  so  great  as  to  bring  the 
vessels  nearly  to  a  state  of  rest,  and  on  that  supposition  the  screw 
b-essel  would  have  the  advantage.  Such  cases  occur  very  rarely 
in  practice ;  and  in  the  case  of  the  ordinary  resistances  imposed 
by  head  winds,  the  speed  of  the  screw  and  paddle  vessel  will  be 
the  same,  but  the  screw  vessel  will  consume  most  coals. 

Q.  What  is  the  cause  of  this  peculiarity  } 

A.  The  cause  is  that,  when  the  screw  is  so  proportioned  in  its 
ength  as  to  be  most  suitable  for  propelling  vessels  in  calms,  it  is 
00  short  to  be  suitable  for  propelling  vessels  which  encounter  a 
rery  heavy  resistance.  It  follows,  therefore,  that  if  it  is  prevented 
rem  pursuing  its  spiral  course  in  the  water,  it  will  displace  the 
vater  to  a  certain  extent  laterally,  in  the  manner  it  does  if  the 
engine  be  set  on  when  the  vessel  is  at  anchor ;  and  a  part  of  the 
engine  power  is  thus  wasted  in  producing  a  useless  disturbance  of 
lie  water,  which  in  paddle  vessels  is  not  expended  at  all. 

Q,  If  a.  screw  and  paddle  vessel  of  the  same  mould  and  power 
3c  tied  stem  to  stem,  will  not  the  screw  vessel  preponderate  and 
tow  the  paddle  vessel  astern  against  the  whole  force  of  her  engines  ? 

A.  Yes,  that  will  be  so. 

Q-  And  seeing  that  the  vessels  are  of  the  same  mould  and 
power,  so  that  neither  can  derive  an  advantage  from  a  variation 
in  that  condition,  does  not  the  preponderance  of  the  screw  vessel 
show  that  the  screw  must  be  the  more  powerful  propeller  } 

A,  No,  it  does  not. 

Q.  Seeing  that  the  vessels  are  the  same  in  all  respects  except 
*5  r^;ards  the  propellers,  and  that  one  of  them  exhibits  a  superi- 
^*tity,  does  not  this  circumstance  show  that  one  propeller  must  be 
'"Hire  powerful  than  the  other  } 

A,  That  docs  not  follow  necessarily,  nor  is  it  the  fact  in  this 
Particular  case.  All  steam  vessels,  when  set  in  motion,  will  force 
^^selves  forward  with  an  amount  of  thmst  which,  setting  aside 
^iic  loss  from  friction  and  from  other  causes,  will  just  balance  the 
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pressure  on  the  pistons.  In  a  paddle  vessel,  as  has  already  b 
explained,  it  is  easy  lo  tell  the  tractive  force  exerted  at  the  centre 
of  pressure  of  the  paddte  wheels,  when  the  pressure  urging  the 
pistons,  the  dimensions  of  the  wheels,  and  the  speed  of  the  vessel 
are  known  ;  and  thai  force,  whatever  be  its  amount,  must  always 
continue  the  same  with  any  constant  pressure  on  the  pistons.  In 
a  screw  vessel  the  same  law  applies,  so  that  with  any  given  pres- 
stire  on  the  pistons  and  discarding  the  consideration  uf  friction, 
il  will  follow  that  whatever  be  the  thrust  exerted  by  a  paddle  or  a 
screw  vessel,  it  must  remain  uniform  whether  the  vessel  is  in 
motion  or  at  rest,  and  whether  moving  at  a  high  or  a  low  veloeii) 
through  the  water.  Now,  to  achieve  an  equal  speed  during  calms 
in  two  vessels  of  the  same  model,  there  must  be  the  same  amooni 
of  propelling  thrust  in  each  :  and  this  thrust,  whatever  be  ils 
amount,  cannot  afterwards  vary  if  a  uniform  pressure  of  steam  be 
maintained.  The  thrusts,  therefore,  caused  by  their  rcspeciiie 
propelling  insinimcnis,  when  a  screw  and  paddle  vessel  are  tied 
stem  to  stem,  must  be  the  same  as  at  other  times  ;  and  as  »' 
other  times  those  thrusts  are  equal,  so  must  they  be  when  tlie 
vessels  are  set  in  the  antagonism  supposed.  ^H 

Q.  How  comes  il  then  that  the  screw  vessel  preponderates?  ^H 
A.  Not  by  virtue  of  a  larger  thrust  exerted  by  the  scie"^^ 
pressing  forward  the  shaft  and  with  it  the  vessel,  but  by  the  gra'^' 
tation  against  the  stern  of  the  wave  of  water  which  the  scrc'i 
raises  by  its  rapid  rotation.    This  wave  will  only  be  raised  »tri 
high  when  the  progress  of  the  vessel  through  the  water  is  nw') 
arrested,  al  which  time  the  centrifugal  action  of  the  screw  isrtti 
great ;  and  the  vessel  under  such  circumstances  is  forced  fori'"''' 
partly  by  the  thrust  of  the  screw,  and  partly  by  the  hydros"'"       , 
pressure  of  the  protuberance  of  water  which  the  centrifugal  aciiw 
of  the  screw  raises  up  at  the  stern. 

Q.  Can  you  slate  any  facts  in  corroboration  of  this 
A.  The  screw  vessel  will  not  preponderate  if  a  screw  • 
paddle  vessel  be  tied  bow  to  bow  and  the  engines  of  each  bt  '^ 
reversed.  In  some  screw  vessels  the  amount  ef  thrust  af^"^ 
exerted  by  the  screw,  under  all  its  varying  circumstances,  has  b< 
ascertained  by  the  application  of  a  dynamometer  to  the  end  rf*( 
shaft.  By  this  instrument— which  is  formed  by  a  cambin-tlim  j 
levers  like  a  weighing  machine  for  carts — a  thrust  or  presW*'! 
several  tons  can  be  measured  by  the  application  of  a  small  iwi<'*IJ 
and  it  has  been  found,  by  repeated  experiments  with  the  ^'i^ 
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mometer,  that  the  thrust  of  the  screw  in  a  screw  vessel  when 
towing  a  paddle  vessel  against  the  whole  force  of  her  engines,  is 
just  the  same  as  it  is  when  the  two  vessels  are  maintaining  an 
equal  speed  in  calms.  The  preponderance  of  the  screw  vessel 
must,  therefore,  be  imputable  to  some  other  agency  than  to  a 
superior  thrust  of  the  screw,  which  is  found  by  experiment  not  to 
exist. 

Q.  Has  the  dynamometer  been  applied  to  paddle  vessels  ? 
A,  It  has  not  been  applied  to  the  vessels  themselves,  as  in 
the  case  of  screw  vessels,  but  it  has  been  employed  on  shore  to 
ascertain  the  amount  of  tractive  force  that  a  paddle  vessel  can 
exert  on  a  rope.  In  a  screw  vessel  fitted  with  a  dynamometer 
within  the  ship,  the  thrust  shown  by  it  will  be  less  than  that  shown 
by  a  dynamometer  on  shore,  to  which  the  vessel  is  attached  by 
A  rope. 

g.  Why  is  this  ? 

A,  Because  the  shore  dynamometer  will  show  not  only  the 
thrust  of  the  screw  but  also  the  gravitation  of  the  wave  of  water 
against  the  stem  which  the  screw  generates  by  its  centrifugal 
action. 

Q.  Have  any  experiments  been  made  to  determine  the  com- 
I>arative  performances  of  screw  and  paddle  vessels  at  sea  ? 

A.  Yes,  numerous  experiments ;  of  which  the  best  known  are 
probably  those  made  on  the  screw  steamer  *  Rattler '  and  the 
paddle  steamer  *  Alecto,'  each  vessel  of  the  same  model,  size,  and 
power — each  vessel  being  of  about  800  tons  burden  and  200  horses 
power.  Subsequently  another  set  of  experiments  with  the  same 
object  was  made  with  the  *  Niger'  screw  steamer  and  the  *  Basilisk' 
paddle  steamer,  both  vessels  being  of  about  1,000  tons  burden  and 
400  horses  power.  The  general  results  which  were  obtained  in 
the  course  of  these  experiments  arc  those  which  have  been  already 
recited. 

g.  Will  you  recapitulate  some  of  the  main  incidents  of  these 
trials? 

A.  I  may  first  state  some  of  the  chief  dimensions  of  the  vessels. 
The  'Rattler'  is  176  feet  6  inches  long,  32  feet  %\  inches  broad, 
^88  tons  burden,  200  horses  power,  and  has  an  area  of  immersed 
nudship  section  of  380  square  feet  at  a  draught  of  water  of  1 1  feet 
5J  inches.  The  *  Alecto'  is  of  the  same  dimensions  in  every 
yespect,  except  that  she  is  only  of  800  tons  burden,  the  difference 
^  this  particular  being  wholly  owing  to  the  *  Rattler '  having  been 
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drawn  out  about  15  feet  at  the  stern,  to  leave  abundant  room  for 
the  application  of  the  screw.  The  *  Rattler  *  was  fitted  with  a  dyna- 
mometer, which  enabled  the  actual  propelling  thrust  of  the  screw 
shaft  to  be  measiu-ed ;  and  the  amount  of  this  thrust,  multiplied 
by  the  distance  through  which  the  vessel  passed  in  a  given  time, 
would  determine  the  amount  of  power  actually  utilised  in  propelling 
the  ship.  Both  vessels  were  fitted  with  indicators  applied  to  the 
cylinders,  so  as  to  determine  the  amount  of  power  exerted  by  the 
engines. 

Q.  How  many  trials  of  the  vessels  were  made  on  this 
occasion  ? 

A,  Twelve  trials  in  all ;  but  I  need  not  refer  to  those  in  whidi 
similar  or  identical  results  were  only  repeated.  The  first  trial  was 
made  imder  steam  only ;  the  weather  was  calm  and  the  water 
smooth.  At  54  minutes  past  4  in  the  morning  both  vessels  left 
the  Nore,  and  at  30  J  minutes  past  2  the  *  Rattler '  stopped  her 
engines  in  Yarmouth  Roads,  where  in  20J  minutes  afterwards  she 
was  joined  by  the  'Alecto.'    The  mean  sj)eed  achieved  by  the 

*  Rattler '  during  this  trial  was  9*2  knots  per  hour ;  the  mean  speed 
of  the  *  Alecto '  was  8*8  knots  j)er  hour.  The  slip  of  the  screw  was 
io*2  per  cent.  The  actual  power  exerted  by  the  engines,  as  shown 
by  the  indicator,  was  in  the  case  of  the  *  Rattler '  334*6  horses,  and 
in  the  case  of  the  *  Alecto'  281*2  horses;  being  a  difference  of 
53*4  horses  in  favour  of  the  *  Rattler.'  The  forward  thrust  upon 
the  screw  shaft  was  3  tons  17  cwt.  3  qrs.  and  14  lbs.  The  horse 
power  of  the  shaft — or  power  actually  utilised — ascertained  by 
multiplying  the  thrust  in  pounds  by  the  space  passed  through  by 
the  vessel  in  feet  per  minute,  and  dividing  by  33,000,  was  247S 
horses  power.  This  makes  the  ratio  of  the  shaft  to  the  engine 
power  as  I  to  I  '3,  or,  in  other  words,  it  shows  that  the  amount  of 
engine  power  utilised  in  propulsion  was  77  per  cent.  In  a  subse- 
quent trial  made  with  the  vessels  running  before  the  wind,  but 
with  no  sails  set  and  the  masts  struck,  the  speed  realised  by  the 
'  Rattler'  was  10  knots  per  hour.  The  slip  of  the  screw  was  m 
per  cent.  The  actual  power  exerted  by  the  engines  of  the  *  Rattler' 
was  368*8  horses.    The  actual  power  exerted  by  the  engines  of  the 

*  Alecto'  was  291*7  horses.  The  thrust  of  the  shaft  was  equal  to 
a  weight  of  4  tons  4  cwt.  i  qr.  i  lb.  The  horse-power  of  the 
shaft  was  290*2  horses,  and  the  ratio  of  the  shaft  to  the  engine 
power  was  1  to  1*2.     Here,  therefore,  the  amount  of  the  engine 

power  utilised  was  84  per  cent. 


ill  Screw  I'esse/s. 

Q,  If  in  any  screw  vessel  ihe  power  of  [he  engine  be  diminished 
by  shutting  off  the  steam  or  otherwise,  you  will  then  have  a  larger 
screw  relatively  with  the  power  «f  ihe  engine  than  before  ? 

A.  Yes. 

Q.  Was  any  experiment  made  lo  ascertain  the  effect  of  this 
modification  ? 

A.  There  was ;  but  the  result  was  not  found  to  be  belter  than 
before.  The  experiment  was  made  by  shutting  off  the  steam  from 
ihe  engines  of  the  '  Rattler,' unlil  the  number  of  strokes  was  re- 
duced to  17  in  the  minute.  The  actual  power  was  then  1267 
horses  ;  thrust  upon  the  shaft  2  ions  2  cwt.  3  qrs.  14  lbs.  ;  horse- 
power of  shaft  88*4  horses  ;  ratio  of  shaft  lo  engine  power  i  to 
1-4  ;  slip  of  the  screw  1S7  per  cent.  In  this  experiment  the  power 
utilised  was  71  per  cent. 

Q.  Was  any  experiment  made  to  determine  the  relative  per- 
formances in  head  winds  ? 

A.  The  trial  in  which  this  relation  was  best  determined  lasted 
for  seven  hours,  and  was  made  against  a  strong  head  M'ind  and 
heavy  head  sea.  The  speed  of  the  '  Rattler'  by  patent  log  was 
4*2  knots  ;  and  at  the  conclusion  of  (he  trial  the  '  AJecto '  had  the 
advantage  by  about  half  a  mile.  Owing  to  an  accidental  injury 
lo  the  indicator,  the  power  exerted  by  the  engines  of  the  'Rattler' 
in  this  trial  could  not  be  ascertained  ;  but  judging  from  the  power 
exerted  in  other  exfwriments  with  the  same  number  of  revolutions, 
il  appears  probable  that  the  power  actually  exerted  by  the  '  Ratder ' 
was  about  300  horses.  The  number  of  strokes  per  minute  niade 
by  the  engines  of  the  'Rattler' was  22,  whereas  in  the  'Alecto' 
the  number  of  strokes  per  minute  was  only  12  ;  so  that  while  the 
engines  of  the  '  Alccto '  were  reduced,  by  the  resistance  occasioned 
by  a  strong  head  wind,  lo  nearly  half  their  usual  speed,  the  engines 
of  the  ■  Rattler '  were  only  les&cned  about  one-twelfth  of  their  usual 
speed.  The  mean  thrust  upon  the  screw  shaft  during  this  experi- 
ment was  4  tons  7  cwL  o  qr.  t6  lbs.  The  horsepower  of  the 
shaft  was  t2;'g  hor^s,  and  the  slip  of  the  screw  was  ;6  per  cent. 
Taking  ilie  power  actually  exerted  by  the  '  Rattler'  at  300  horses, 
■he  power  utilised  in  this  experiment  is  only  42  per  cent. 

Q.  What  are  the  dimensions  of  the  screw  in  the  '  Rattler  ? ' 

A.  Diameter  to  feet,  length  i  foot  3  mchcs,  pilch  1 1  feet.  The 
foregoing  experiments  show  that  with  a  larger  screw  a  bctler 
-tverage  performance  would  be  obtamed.  The  best  result  arrived 
at  «as  when   the  vessel  was  somtvvhat  assisted  by  the  \vmd,  «hich 
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is  equivalent  to  a  reduction  of  the  resistance  of  the  hull,  or  to  a 
smaller  hull,  which  is  only  another  expression  for  a  larger  propor- 
tionate screw. 

Q,  When  you  speak  of  a  larger  screw,  what  increase  of  dimen- 
sion do  you  mean  to  express  ? 

A,  An  increase  of  the  diameter.  The  amount  of  reacting 
power  of  the  screw  upon  the  water  is  not  measured  by  the  number 
of  square  feet  of  surface  of  the  arms,  but  by  the  area  of  the  disc  or 
circle  in  which  the  screw  revolves.  The  diameter  of  the  screw  of 
the  *  Rattler '  being  lo  feet,  the  area  of  its  disc  is  78*5  square  feet ; 
and  with  the  amount  of  thrust  already  mentioned  as  existing  in 
the  first  experiment,  viz.  8,722  lbs.,  the  reacting  pressure  on  each 
square  foot  of  the  screw's  disc  will  be  108 J  lbs.  The  immersed 
midship  section  being  380  square  feet,  this  is  equivalent  to  23  lbs. 
per  square  foot  of  immersed  midship  section  at  a  speed  of  9*2 
knots  per  hour. 

2-  In  smaller  vessels  of  similar  form,  will  the  resistance  per 
square  foot  of  midship  section  be  more  than  this  ? 

A,  \\,  will  be  considerably  more.     In  the  *  Pelican,'  a  vessel  of 
109J  square  feet  of  midship  section,  I  estimate  the  resistance  per 
square  foot  of  midship  section  at  30  lbs.,  when  the  speed  of  the 
vessel  is  97  knots  per  hour.     In  the  *  Minx,'  with  an  immersed 
midship  section  of  82  square  feet,  the  resistance  per  square  foot 
of  immersed  midship  section  was  found  by  the  dynamometer  to 
be  41  lbs.  at  a  speed  of  8 J  knots  ;  and  in  the  '  Dwarf,'  a  vessel 
with  60  square  feet  of  midship  section,  I  estimate  the  resistance 
per  square  foot  of  midship  section  at  46  lbs.  at  a  speed  of  9  knots 
per  hour,  which  is  just  double  the  resistance  per  square  foot  of  the 
*  Rattler.'    The  diameter  of  the  screw  of  the  *  Minx'  is  4 J  feet,  so 
that  the  area  of  its  disc  is  15*9  square  feet,  and  the  areaof «"' 
mersed  midship  section  is  about  5  times  greater  than  that  of  the 
screw's  disc.    The  diameter  of  the  screw  of  the  *  Dwarf*  is  5  f^^ct 
8  inches,  so  that  the  area  of  its  disc  is  25-22  square  feet,  and  the 
area  of  immersed  midship  section  is  2*4  times  g^reater  than  that 
of  the  screw's  disc.    The  pressure  per  square  foot  of  the  screws 
disc  is  214  lbs.  in  the  case  of  the  *  Minx,'  and  109J  lbs.  in  the  case 
of  the  *  Dwarf.' 

Q.  From  the  greater  proportionate  resistance  of  small  vessels 
will  not  they  require  larger  proportionate  screws  than  1^ 
vessels  ? 

A.  They  will 
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j2.  Is  there  any  ready  means  of  predicting  what  the  amount 
of  thrust  of  a  screw  will  be  ? 

A.  When  we  know  the  amount  of  pressure  on  the  pistons,  and 
the  velocity  of  their  motion  relatively  with  the  velocity  of  advance 
made  by  the  screw,  supposing  it  to  work  in  a  solid  nut,  it  is  easy 
to  tell  what  the  thrust  of  the  screw  would  be  if  it  were  cleared  of 
the  effects  of  friction  and  other  irregular  sources  of  disturbance. 
The  thrust,  in  fact,  would  be  at  once  found  by  the  principle  of 
virtual  velocities ;  and  if  we  take  this  theoretical  thrust  and 
diminish  it  by  one-fourth  to  compensate  for  friction  and  lateral 
slip,  we  shall  have  a  near  approximation  to  the  amount  of  thrust 
that  will  be  actually  exerted.* 


COMPARATIVE  ADVANTAGES  OF  SCREWS  OF   DIFFERENT   KINDS. 

Q,  What  species  of  screw  do  you  consider  the  best } 
A.  \n  cases  in  which  a  large  diameter  of  screw  can  be  em- 
ployed, the  ordinary  screw  or  helix  seems  to  be  as  effective  as  any 
other,  and  it  is  the  most  easily  constructed.  If,  however,  the 
screw  is  restricted  in  diameter,  or  if  the  vessel  is  required  to  tow, 
or  will  have  to  encounter  habitually  strong  head  winds,  it  will  be 
preferable  to  employ  a  screw  with  an  increasing  pitch,  and  also  of 
such  other  configuration  that  it  will  recover  from  the  water  some 
portion  of  the  power  that  has  been  expended  in  propulsion. 
Q,  How  can  this  be  done  ? 

A.  There  are  screws  which  are  intended  to  accomplish  this 

object  already  in  actual  use.    When  there  is  much  slip  a  centri- 

iixgal  velocity  is  given  to  the  water,  and  the  screw,  indeed,  if  the 

engine  be  set  on  when  the  vessel  is  at  rest,  acts  very  much  as  a 

centrifugal  fan  would  do  if  placed  in  the  same  situation.     The 

Water  projected  outwards  by  the  centrifugal  force  escapes  in  the 

line  of  least  resistance,  which  is  to  the  surface  ;  and  if  there  be  a 

hij^  column  of  water  over  the  screw,  or,  in  other  words,  if  the 

screw  is  deeply  immersed,  then  the  centrifugal  action  is  resisted 

to  a  greater  extent,  and  there  will  be  less  slip  produced.     The 

easiest  expedient,  therefore,  for  obviating  loss  by  slip  is  to  sink 

the  screw  deeply  in  the  water ;  but  as  there  are  obvious  limits  to 

^e  application  of  this  remedy,  the  next  best  device  is  to  recover 

^d  render  available  for  propulsion  some  part  of  the  power  which 

'  See  Treatise  on  the  Screiv  Propeller,  by  John  lioumo,  C.E. 
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has  been  expended  in  giving  motion  to  the  water.  It  is  reckoned 
that  in  long  vessels  the  larger  part  of  the  engine  power  is  expended 
in  giving  motion  to  the  water,  and  the  screw  by  working  in  this 
current  will  recover  a  part  of  the  power  so  expended. 

Q,  But  you  said  there  are  some  kinds  of  screws  which  profess 
to  accomplish  this  ? 

A.  There  are  screws  which  profess  to  counteract  the  centri- 
fugal velocity  given  to  the  water  by  imparting  to  it  an  equal  centri- 
petal force,  the  consequence  of  which  will  be,  that  the  water 
projected  backward  by  the  screw,  instead  of  taking  the  conical 
fonn,  will  take  the  form  of  a  cylinder.   One  of  these  forms  of  screw 

is  that  patented  by  the  Earl 
of  Dundonald  in  1843,  ^^'^ 
which  is  represented  in  fig. 

103.    Another  is  the  form  of 

ii^^i^^iiiifiiiii£^  screw  already  represented  in 

fig.  102,  and  which  was  pa- 
tented by  Mr.  Hodgson  in 
1844.  Mr.  Hodgson  bends 
the  arms  of  his  propellers 

Fie.  103.  -  The  Earl  of  Dundonald 's  Propeller       u      i  j  *    •    *.       ^i_     r 

^  backward,  not  into  the  form 

of  a  triangle,  but  into  the  form  of  a  parabola,  to  the  end  that 
the  impact  of  the  screw  on  the  particles  of  the  water  may  cause 
them  to  converge  to  a  focus,  as  the  rays  of  light  would  do  in 
a  parabolic  reflector.  But  this  particular  configuration  is  not 
important,  seeing  that  the  same  convergence  which  is  given  to  the 
particles  of  the  water,  with  a  screw  of  uniform  pitch  bent  back  into 
the  form  of  a  parabola,  will  be  given  with  a  screw  bent  back  into 
the  form  of  a  triangle,  if  the  pitch  be  suitably  varied  between  the 
centre  and  the  circumference. 

Q.  Then  the  pitch  may  be  varied  in  two  ways  ? 

A,  Yes  ;  a  screw  may  have  a  pitch  increasing  in  the  direction 
of  the  length,  as  would  happen  in  the  case  of  a  spiral  stair,  if  e^'Cf)' 
successive  step  in  the  ascent  was  thicker  than  the  one  below  it ; 
or  it  may  increase  from  the  centre  to  the  circumference,  as  would 
happen  in  the  case  of  a  spiral  stair,  if  every  step  were  thinner  st 
the  centre  of  the  tower  than  at  its  outer  walL  When  the  pitch  of 
a  screw  increases  in  the  direction  of  its  length,  the  leading  edge  of 
the  screw  enters  the  water  without  shock  or  impact,  as  the  advance 
of  the  leading  edge  per  revolution  will  not  be  greater  than  the 
■dviuim  nf  te  veaieL    When  the  pitch  of  a  screw  increases  in  the 
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direction  of  its  diameter,  the  central  part  of  the  screw  will  advance 
with  only  the  same  velocity  as  the  vessel,  so  that  it  cannot  com- 
municate any  centrifugal  velocity  to  the  vessel ;  and  the  whole  slip, 
as  well  as  the  whole  propelling  pressure,  will  occur  at  the  outer  part 
of  the  screw  blades. 

g.  Is  there  any  advantage  derived  from  these  forms  of  screws  ? 

A,  Not  any,  as  the  water  in  being  forced  backward  flows  in 

from  the  circumference  in  front  of  the  screw,  and   Griffith   has 

found  it  advisable  therefore  to  bend  the  ends  of  the  blades  forward 

instead  of  backward,  and  to  make  the  ends  quite  narrow. 

Q.  What  other  kinds  of  screw  are  there  .'^ 

A.  There  is  the  corrugated  screw,  the  arms  of  which  are  corru- 
gated, so,  as  it  were,  to  gear  with  the  water  during  its  revolution, 
and  thereby  prevent  it  from  acquiring  a  centrifugal  velocity.  Then 
there  is  Griffith's  screw,  which  has  a  large  ball  at  its  centre.  There 
is  also  Mangin's  screw,  which  consists  substantially  of  two  narrow 
screws,  set  one  before  the  other  on  the  same  shaft,  with  a  space 
between,  and  there  are  numerous  new  screws  constantly  appearing 
which  are  only  reproductions  of  old  ideas. 
Q.  What  is  the  nature  of  Beattie's  screw  .^ 
A.  Beattie's  screw  is  an  arrangement  of  the  screw  propeller 
whereby  it  is  projected  beyond  the  rudder,  and  the  main  object  of 
the  arrangement  is  to  take  away  the  vibratory  motion  at  the  stem 
—an  intention  which  it  accomplishes  in  practice.  There  is  an 
oval  eye  in  the  rudder,  to  permit  the  screw  shaft  to  pass  through  it, 
as  shown  in  fig.  104. 

Q.  When  the  diameter  of  the  cylinder  of  water  projected  back- 
ward by  a  screw  and  the  force  urging  it  into  motion  are  known, 
may  not  the  velocity  it  will  acquire  be  approximately  determined  ? 
A.  That  will  not  be  very  difficult;  and  I  will  take  for  illustra- 
tion the  case  of  the  *  Minx,'  already  referred  to,  which  will  show  how 
such  a  computation  is  to  be  conducted.  The  speed  of  this  vessel, 
in  one  of  the  experiments  made  with  her,  was  8*445  knots;  the 
nomber  of  revolutions  of  the  screw  per  minute  231*32;  and  the 
pitssure  on  each  square  foot  of  area  of  the  screw's  disc  214  lbs. 
If  a  knot  be  taken  to  be  6075*6  feet,  then  the  distance  advanced 
^  the  vessel,  when  the  speed  is  8*445  knots,  will  be  37  feet  per 
''^v^oiatioiiy  and  this  advance  will  be  made  in  about  -26  of  a  second 
^  tmiCL  Now  the  dbtance  which  a  body  will  fall  by  gravity  in  -26 
^a  second  b  1*087  feet ;  and  a  weight  of  214  lbs.  put  into  motion 
°ygnmtf,  or  by  a  pressure  of  214  lbs.,  would,  therefore,  acquire  a 
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velocity  of  1*087  feet  during  the  time  one  revolution  of  the  screw  is 
being  performed.    The  weight  to  be  moved,  however,  is  37  cubic 


Eye  of  Rudder 

Stock. 


Fig.  104.— Beattie's  arrangement  of  Screw  Propeller. 
a  a,  the  rudder ;  s,  the  shaft ;  A,  boss  for  supporting  shaft. 

feet  of  water,  that  being  the  new  water  seized  by  the  screw  each 
revolution  for  every  square  foot  of  surface  in  the  screw's  disc ;  and 
37  cubic  feet  of  water  weigh  231*5  lbs.,  so  that  the  urging  force  of 
214  lbs.  is  somewhat  less  than  the  force  of  gravity,  and  the  velocity 
of  motion  communicated  to  the  water  will  be  somewhat  under 
I  "087  feet  per  revolution,  or  we  may  say  it  will  be  in  round  numbers 
I  foot  per  revolution.  This,  added  to  the  progress  of  the  vessel 
will  make  the  distance  advanced  by  the  screw  through  the  water 
47  feet  per  revolution,  leaving  the  difference  between  this  and  the 
pitch,  namely  ri3  feet,  to  be  accounted  for  on  the  supposition  that 
the  screw  blades  had  broken  laterally  through  the  water  to  tha^ 
extent.  It  would  be  proper  to  apply  some  correction  to  this  com* 
putation,  which  would  represent  the  increased  resistance  due  to 
the  immersion  of  the  screw  in  the  water ;  for  a  column  of  wattf 
cannot  be  moved  in  the  direction  of  its  axis  beneath  the  surfic* 
without  giving  motion  to  the  superincumbent  water,  and  the  incrti* 
of  this  superincumbent  water  must,  therefore,  be  taken  into  the 
account.  In  the  experiment  upon  the  *  Minx,*  the  depth  of  this 
superincumbent  column  was  but  small    The  total  amount  of  the 
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slip  was  36*53  per  cent.  ;  and  there  will  not  be  much  error  in 
setting  down  about  one-half  of  this  as  due  to  the  recession  of  the 
water  in  the  direction  of  the  vessel's  track,  and  the  other  half  as 
due  to  the  lateral  penetration  of  the  screw-blades. 

Q.  Is  it  not  important  to  make  the  stern  of  screw  vessels  ver^' 
fine,  with  the  view  of  diminishing  the  slip,  and  increasing  the  speed  ? 

A.  It  is  most  important  The  *  Rifleman,'  a  vessel  of  486  tons, 
had  originally  engines  of  200  horses  power,  which  propelled  her  at 
a  speed  of  8  knots  an  hour.  The  *  Teazer,  a  vessel  of  296  tons, 
had  originally  engines  of  100  horses  power,  which  propelled  her  at 
a  speed  of  6 J  knots  an  hour.  The  engines  of  the  '  Teazer '  were 
subsequently  transferred  to  the  *  Rifleman,'  and  new  engines  of  40 
horse-power  were  put  into  the  *  Teazer.'  Both  vessels  were  simul- 
taneously sharpened  at  the  stem,  and  the  result  was  that  the  100- 
horse  engines  drove  the '  Rifleman,'  when  sharpened,  as  fast  as  she 
had  previously  been  driven  by  the  200-horse  engines  ;  and  the  40- 
horse  engines  drove  the  *  Teazer,'  when  sharpened,  a  knot  an  hour 
faster  than  she  had  previously  been  driven  by  the  i  co-horse  engines. 
The  immersion  of  both  vessels  was  kept  unchanged  in  each  case  ; 
and  the  loo-horse  engines  of  the  *  Teazer,'  when  transferred  to  the 
*  Rifleman,'  drove  that  vessel,  after  she  had  been  sharpened,  2  knots 
an  hour  faster  than  they  had  previously  driven  a  vessel  not  much 
more  than  half  the  size.  These  are  important  facts  for  everyone 
to  be  acquainted  with  who  is  interested  in  the  success  of  screw 
"vessels,  and  who  seeks  to  obtain  the  maximum  of  efficiency  \inth 
the  minimum  of  expense.' 

PROPORTIONS  OF  SCREWS. 

Q,  In  fi5[ing  upon  the  proportions  of  a  screw  proper  to  propel 
3Jjy  given  vessel,  how  would  you  proceed  } 

A,  I  would  first  compute  the  probable  resistance  of  the  vessel^ 

^Jid  I  would  be  able  to  find  the  relative  resistances  of  the  screw 

^nd  hulL    In  nearly  every  case  it  is  advisable  to  make  the  screw  as 

Wge  in  diameter  as  possible.     The  larger  the  screw  is,  the  greater 

^^  be  the  efficiency  of  the  engine  in  propelling  the  vessel,  as  less  of 

^ts  power  will  be  expended  in  giving  velocity  to  the  water ;  the  larger 

*lso  will  be  the  ratio  of  the  pitch  to  the  diameter  which  produces 

^  maximum  effect ;  and  the  smaller  will  be  the  length  of  the  screw 

Or  the  fraction  of  a  convolution  to  produce  a  maximum  eflfect. 

'  See  Treatise  on  the  Screw  Propeller,  by  John  Bourne,  C.  E. 
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Q.  Will  you  illustrate  this  doctrine  by  a  practical  example  ? 

A.  The  French  screw  steamer  *  Pelican '  was  fitted  successively 
with  two  screws  of  four  blades,  but  the  diameter  of  the  first  screw 
was  98-42  inches,  and  the  diameter  of  the  second  54  inches.  If 
the  efficiency  of  the  first  screw  be  represented  by  i,  that  of  the 
second  screw  will  be  represented  by  '823,  or,  in  other  words,  if  the 
first  screw  would  give  a  speed  of  10  knots,  the  second  would  give 
little  more  than  8.  The  most  advantageous  ratio  of  pitch  to 
diameter  was  found  to  be  2*2  in  the  case  of  the  large  screw,  and 
1*384  in  the  case  of  the  small.  The  fraction  of  a  convolution  which 
was  found  to  be  most  advantageous  was  '281  in  the  case  of  the  large 
screw,  and  "450  in  the  case  of  the  small  screw. 

Q.  Were  screws  of  four  blades  found  to  be  more  efficient  than 
screws  with  two  ? 

A.  They  were  found  to  have  less  slip,  but  not  to  be  more 
efficient,  the  increased  slip  in  those  of  two  blades  being  balanced 
by  the  increased  friction  in  those  of  four.  Screws  of  two  blades, 
to  secure  a  maximum  efficiency,  must  have  a  finer  pitch  than  screws 
of  four. 

Q.  Arc  the  proportions  found  to  be  most  suitable  in  the  case  of 
the  *  Pelican  '  applicable  to  the  screws  of  other  vessels  } 

A.  Only  to  those  which  have  the  same  relative  resistance  of 
screw  and  hull.  Taking  the  relative  resistance  to  be  the  area  of 
immersed  midship  section,  divided  by  the  square  of  the  screw's 
diameter,  it  will  in  the  case  of  the  *  Rattler  *  be  }gg  or  3*8.  From 
the  experiments  made  by  MM.  Bourgois  and  Moll  on  the  screw 
steamer  *  Pelican,'  they  have  deduced  the  proportions  of  screws 
proper  for  all  other  classes  of  vessels,  whether  the  screws  are  of 
two,  four,  or  six  blades. 

Q.  Will  you  specify  the  nature  of  their  deductions  1 

A.  I  will  first  enumerate  those  which  bear  upon  screws  with 
two  blades.  When  the  relative  resistance  is  5-5,  the  ratio  of  pitch 
to  diameter  should  be  1006,  and  the  fraction  of  the  pitch  or  propor- 
tion of  one  entire  convolution  should  be  0*454.  When  the  relamt 
resistance  is  5,  the  ratio  of  pitch  to  diameter  should  be  1 1069  ^^ 
fraction  of  pitch  0*428  ;  relative  resistance  4*5,  pitch  1135,  firactiwi 
0*402  ;  relative  resistance  4,  pitch  i  *205,  fraction  0*378 ;  relative 
resistance  3*5,  pitch  1*279,  fraction  0*355  J  relative  resistance  3, 
pitch  1357,  fraction  0*334;  relative  resistance  2*5,  pitch  1450, 
fraction  0*313  ;  relative  resistance  2,  pitch  1*560,  fraction  0*294; 
relative  resistance   1*5,  pitch  1*682,  fraction  0*275.    Tlic  relati\'e 
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resistance  of  4  is  that  which  is  usual  in  an  auxiliary  line-of-battle 
ship,  3*5  in  an  auxiliary  frigate,  3  in  a  high-speed  line-of-battle  ship, 
2*5  in  a  high-speed  frigate,  2  in  a  high-speed  corvette,  and  1*5  in  a 
high-speed  despatch  boat 

Q.  What  are  the  corresponding  proportions  of  screws  of  four 
blades? 

A.  The  ratios  of  the  pitches  to  the  diameter  being  for  each  of 
the  relative  resistances  enumerated  above  1*342,  1*425,  1*513,  1*607, 
1705,  I '810,  1*933,  2*080,  and  2*243,  the  respective  fractions  of  pitch 
or  fractions  of  a  whole  convolution  in  screws  of  four  blades  will  be 
0*455,  0*428,  0402,  0378,  0*355,  o*334,  0-313,  0294,  and  0*275. 

Q.  And  what  are  the  corresponding  proportions  proper  for 
screws  of  six  blades  ? 

A,  Beginning  with  the  relative  resistance  of  5*5  as  before,  the 
proper  ratio  of  pitch  to  diameter  for  that  and  each  of  the  successive 
resistances,  in  the  case  of  screws  with  six  blades,  will  be  1*677,  I77i> 
1-891,  1-2009,  2*131,  2262,  2*416,  2*6oo,  2804  ;  and  the  respective 
fractions  of  pitch  will  be  0*794,  0749,  0*703,  0*661,  0*621,  0*585, 
0*548,  0*515,  and  0*481.  These  are  the  proportions  which  will  give 
•^  maximum  performance  in  every  case.* 


SCREW  AND  PADDLES  COMBINED. 

Q.  Would  not  a  screw  combined  with  paddles  act  in  a  simi- 
iy  advantageous  way  to  a  screw  or  paddles  when  aided  by  the 

• 

A,   If  in  any  given  paddle-vessel  a  supplementary  screw  be 

to  increase  her  power  and  speed,  the  screw  will  act  in  a 

ore  beneficial  manner  than  if  it  had  the  whole  vessel  to  propel 

and  for  a  like  reason  the  paddles  will  act  in  a  more  beneficial 

There  will  be  less  slip  both  upon  the  paddles  and  upon 

screw  than  if  either  had  been  employed  alone  ;  but  the  same 

yect  would  be  attained  by  giving  the  vessel  larger  paddles  or  a 

r  screw. 

fi.  Have  any  vessels  been  constructed  with  combined  screw  and 
t^^dlcs? 

A,  Not  any  that  I  know  of,  except  the  *  Great  Eastern.'    The 
^cc '  many  years  since  was  fitted  with  both  screw  and  paddles, 

*  In  xny  Treatise  an  the  Screw  Propeller  I  have  gone  into  these  various 
S^tions  more  fully  than  would  consort  with  the  limits  of  this  publication.— J.  Bw 
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but  this  was  forihe  purpose  of  ascertaining  the  relative  effictency'JI 
the  two  modes  of  propulsion,  and  not  for  the  purpose  of  using  both 
logeiher. 

Q.  \Vhat  wnuld  be  the  best  means  of  accelerating  the  speed  of 
a  paddle-vessel  by  the  introduction  of  a  supplementary  screw  ? 

A.  If  the  vessel  requires  new  boilers,  the  best  course  of  pro- 
cedure would  be  to  work  a  single  engine  giving  motion  to  the  screw 
with  high-pressure  steam,  and  to  let  the  steam  from  the  high  pres- 
sure engine  work  the  paddle -engines.  In  this  way  the  power  might 
be  doubled  without  any  increased  expenditure  of  fuel  per  hour, 
and  there  would  be  a  diminished  expenditure  per  voyage  in  the 
proportion  of  the  increased  speed. 

Q.  What  would  the  increased  speed  be  by  doubling  the  power  ? 

A.  The  increase  would  be  in  the  proportion  of  the  cube  root  of 
I  to  the  cube  root  of  z,  or  it  would  be  f35  times  greater.  If. 
therefore,  the  existing  speed  were  to  miles,  it  would  be  increased 
to  Ijl  miles  by  doubling  the  power,  and  the  vessel  would  ply  wilii 
about  a  fourth   less   coals  by  increasing  the  p)ower  in  the  manner 


Q.  Is  not  high-pressure  steam  dangerous  in  steam  vessels? 

A.  At  one  time  it  was  so  regarded.     But  it   has 
generally  introduced,  and  no  evil  consequences  have  resulted.   1 
the  case  of  locomotive  engines,  morecn-er,  where  high  sli 
so  widely,  very  few  accidents  have  occurred.     In  steam  vessels 4*  1 
only  additional  source  of  danger  is  the  salting  of  the  boiler.    Hfc- 1 
may  be  prevented  by  the  use  of  fresh  water  in  the  boiler,  as  i»  D"   1 
the  usual  arrangement.     The  great  problem  of  steam  navigatiolii' 
the  economy  of  Iliel,  since  the  quantity  of  fuel  coosumed  bj » 
vessel  will  \-ery  much  determine  whether  she  is  profitable  of  «*li*' 
wise.     Notwithstanding  the  momentous  nature  of  this  condilift  g 
however,  the  consumption  of  fuel  in  steam  vessels  was  long  a 
to  which  very  little  attention  was  paid,  and  no  efficient  raeaiwW 
adopted  in  steam  vessels  to  insure  that  measure  of  economy  w 
was  known  to  be  attainable,  and  which  had  been  attained  ftlR) 
in  other  departments  of  engineering  in  which  the  benefits  of  iSl 
ecotiomy  are  of  less  weighty  import.     Of  laie  years,  however," 
fault  has  been  completely  corrected,  and  marine  engines  are  * 
habitually  worked  with  less  fuel  than  any  other  engines  genen 
the  same  power. 

Q.  What  eflect  is  produced  upon  a  steamer  by  being  s«t  tofl 
in  shallow  water  ? 
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A,  The  speed  of  the  vessel  is  diminished,  but  at  the  same  time 
the  speed  of  the  engines  is  increased  The  water  can  neither  get 
away  from  the  bow  so  easily  to  allow  the  vessel  to  pass,  nor  can  it 
so  easily  fill  up  the  vacuity  at  the  stem  caused  by  the  advance  of 
the  vessel  There  is  consequently  a  greater  difference  than  usual 
between  the  level  of  the  water  at  the  bow  and  that  at  the  stem,  and 
a  current  sets  in  along  the  sides  of  the  vessel,  which  tums  the 
paddle-wheels  or  screw  round  with  more  than  the  usual  rapidity, 
without,  however,  propelling  the  ship  with  the  efficiency  obtained 
in  deep  water.  Practically,  the  effect  of  setting  a  vessel  to  ply  in 
shallow  water  is  the  same  as  that  of  giving  the  vessel  a  very  full 
bow  and  stem  ;  and  it  is  found  by  experience  that  such  vessels  will 
go  fastest  when  trimmed  very  much  by  the  head,  the  effect  of  which 
is  virtually  to  make  the  stem  finer. 

CANAL  BOATS. 

Q.  Will  a  similar  effect  be  produced  if  the  breadth  be  diminished 
of  the  tract  of  water  in  which  the  vessel  moves  .'* 

A,  The  resistance  which  a  vessel  suffers  in  a  canal  will  be 
greater  than  that  experienced  in  a  wide  tract  of  water,  and  will  vary 
with  the  sectional  area  of  the  canal  relatively  with  that  of  the  vessel 
In  the  case  of  light  boats  on  canals,  however,  it  was  long  ago  found 
that  they  were  more  easily  drawn  by  horses  at  the  gallop  than  at 
the  trot,  which  is  explained  by  the  circumstance  that  when  the 
boat  travels  as  fast  as  the  wave  which  she  produces  in  the  water  of 
the  canal,  there  is  only  one  wave  raised,  whereas  if  she  travels 
slower,  so  that  the  wave  mns  faster  than  the  boat,  there  will  be  a 
succession  of  waves  raised,  and  therefore  more  power  consumed. 
It  is  only  in  narrow  and  shallow  canals,  however,  that  the  boat  can 
OYertake  the  wave  at  speeds  maintainable  by  horses.  In  deep  and 
Hide  canals  the  wave  necessarily  runs  ahead,  and  its  altitude  is  not 
90  great  as  in  smaller  canals. 

g.  Can  you  give  any  example  of  the  variations  of  resistance 
and  of  speed  which  a  vessel  of  given  cross-section  suffers  in  canals 
of  different  widths? 

A,  Experiments  have  been  made  in  France  to  illustrate  these 
points  with  the  twin-screw-steamer  *  Etoile.'  This  vessel  is  81  feet 
Jong  upon  deck  and  \i\  feet  broad.  Her  draught  of  water  is  3-28 
feet,  and  her  immersed  midship  section  is  34J  square  feet.  She  is 
propelled  by  a  single  condensing  engine,  with  cylinder  14J  inches 
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diameter  and  16^  inches  stroke.  The  pressure  of  steam  is  30  lbs. 
per  square  inch,  cut  off  at  J  of  the  stroke.  There  is  a  screw  in  each 
quarter,  5^  feet  diameter  and  1 1  feet  pitch,  making  sixty  to  eighty 
revolutions  per  minute.  The  resistance  experienced  by  the  *£toilc  * 
in  open  water  and  in  canals  of  different  sections  is  shown  in  the 
following  table : — 

Experiments  on  Traction  in  Canals  with  the  French  Twin- 

Screw- Steamer  ^i^ toiled 


Place  of  experiment 


Roads  of  Havre 
Canal  of  Aries 
Canal  of  Beaucaire . 
Lateral  canal  of  the 

Loire  . 
Canal  of  Briare 


Sectionof 

canal  in 

sq.  fu 


396*115 
286*322 

213*127 
I  xi8'4to 

139*9 


Ratio  of 
section  of 

canal  to 
immersed 
section  of 
vessel 


Slip  of 

Power 

the 

exerted 

screw 

by  the 

per 

engine  in 

cent. 

horses 

Speed  oft 

the  vessel 

per  hour 

in  statute 

miles 


Resistance 
in  lbs.  of 

one  sq.  ft. 

of  midshq> 

section  at  • 
speed  of 

X  metre  or 
3*3808  ft. 

per  second  | 


19 

17 

7-8 

"•5 

30 

177 

6*a 

8'3 

30 

158 

6-0 

6*2 

40 

14-9 

4*5 

3*4  to  4 

•• 

If 

3-6 

I -61 
2^ 
2*8a 

524 


It  may  here  be  noted  that  3*2808  feet  per  second  is  about  2*24 
miles  per  hour. 

Q,  Were  not  experiments  made  in  France  by  General  Morin  to 
ascertain  the  resistance  and  performance  of  light  boats  on  canals? 

A,  Yes ;  those  experiments  were  made  with  light  and  swift 
boats  upon  the  canals  at  Ourcq  and  St.  Denis,  and  they  showed 
that  the  resistance  is  also  affected  by  the  amount  of  rubbing  surfw* 
of  the  bottom,  and  that  this  quantity  is  independent  of  the  speed. 
In  the  best  examples  of  these  boats  the  resistance  per  square  foot 
of  immersed  section  at  a  speed  of  3*2808  feet  per  second  was 
2*  1 6  lbs.  The  resistance  per  square  foot  of  moistened  surface  of  tb^ 
bottom  was  0*043  l^s.  per  square  foot.  Putting  R  to  represent  the 
whole  resistance  of  the  boat,  S  the  extent  of  moistened  surface  01 
the  bottom  in  square  feet,  K  the  resistance  per  square  foot  of  i^"* 
mersed  section  in  lbs.,  B'  the  area  of  the  immersed  midship  section 
in  square  feet,  and  V  the  velocity  in  metres  per  second,  then  ^* 
•043 S  X  KB'^V^.  In  large  vessels  in  the  open  sea  the  value  d  ^» 
which  was  2*i6  in  the  best  canal  boats,  and  i'6i  in  the  case  of  '^ 
•  Etoile  *  when  plying  in  open  water,  is  found  to  be  considciaW 
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reduced  In  the  '  Pelican  *  it  was  ascertained  to  be  1*22  lbs.,  and  in 
larger  vessels  0*92  lbs.  per  square  foot  at  the  same  speed  per  second. 
Q,  What  is  the  best  species  of  propeller  to  be  used  on  canals  ? 
A,  On  many  grounds  the  screw  is  preferable  to  paddles,  and 
where  the  depth  is  small  twin  screws  may  be  used.  But  a  more 
beneficial  propeller  would  be  one  which  engages  the  bottom  of  the 
canal,  and  which  consequently  works  without  slip.  For  many  years 
past  a  species  of  tug-boat  has  been  in  use  upon  the  Rhone  which 
fulfils  this  indication.  A  great  iron  wheel,  20  feet  diameter,  armed 
with  prongs,  is  set  at  the  end  of  an  arm,  one  end  of  which  is  con- 
nected with  the  machinery,  while  the  other  end,  which  carries  the 
great  iron  wheel,  is  capable  of  rising  and  falling  so  as  to  enable  the 
wheel  to  run  along  the  bottom  of  the  river,  an  opening  being  made 
through  the  vessel  to  permit  this.  The  power  of  the  engine  is 
transmitted  to  this  wheel  by  pitch  chains,  by  which  it  is  slowly 
rotated,  and  as  it  creeps  forward  it  propels  the  vessel,  dragging  a 
train  of  heavily  laden  batges  against  a  rapid  stream.  On  the  Rhone 
this  is  the  only  species  of  steam- vessel  which  has  survived  the  in- 
troduction of  competing  railways. 

Q.  What  becomes  of  the  power  expended  upon  the  screw  ? 
A,  The  vessel  is  put  into  motion  by  the  screw  at  a  certain 
velocity,  and  a  part  of  the  power  is  no  doubt  expended  in  the  gene- 
ration of  heat,  and  is  consequently  lost.     But  a  large  part  of  the 
engine  power  is  expended  in  rubbing  the  water  into  motion  in  the 
direction  of  the  ship,  and  this  power  is  in  part  recovered  by  the  action 
of  the  screw,  which,  by  giving  an  opposite  motion  to  the  moving 
water,  brings  it  to  a  state  of  rest.     Paddle-wheels  do  not  recover 
any  of  this  power,  and  hence,  in  the  case  of  long  vessels,  where  the 
water  is  cfTectually  rubbed  into  motion,  the  screw  is  a  more  bene- 
ficial propeller  than  paddles.     To  enable  the  screw,  however,  to  act 
in  its  most  advantageous  manner,  it  should  not  be  introduced  so 
dose  to  the  stem  as  to  suck  away  and  propel  stemward  the  water 
flowing  in  to  fill  the  vacuity  left  by  the  advance  of  the  vessel,  as  to 
^w  away  this  water  will  be  to  retard  the  progress  of  the  vessel. 
TTie  screw,  therefore,  should  not  work  in  this  water,  but  in  the 
^cr  lying  further  aft.     It  has  been  observed,  in  the  case  of  screws 
situated  in  the  usual  position  in  the  dead-wood,  that  a  corrosive 
^ion  sets  in  upon  the  forward  face  of  the  screw,  if  formed  of  cast 
^'on,  which  is  imputed  to  the  presence  of  air  at  this  point,  caused 
W  the  projection  backward  of  the  water  by  the  screw,  while  the 
^vance  of  the  vessel  causes  such  a  competition  for  the  water  that 
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a  partial  vacuum  is  produced  at  the  corroded  part,  into  which  the 
air  diffused  in  the  water  will  be  collected.  Mr.  Froude  found  by 
his  experiments  with  models  that  the  best  effect  was  obtained  when 
the  propeller  was  placed  one-third  of  the  breadth  of  the  model 
clear  of  the  stem.  By  adopting  this  arrangement  the  speed  was 
increased  from  0*98  knots  to  1*4  knots,  and  the  apparent  slip  was 
reduced  from  1 1  to  4  per  cent. 

^.  In  the  case  of  a  fish  swimming  beneath  the  water,  is  the 
surface  of  the  water  necessarily  disturbed  when  the  fish  moves  ? 

A.  No. 

Q,  How,  then,  can  the  fish  change  its  position,  seeing  that 
water  is  incompressible  ? 

A,  By  virtue  of  the  mobility  of  the  water.  The  particles  which 
are  in  excess  at  the  head  are  made  room  for  by  the  particles  which 
are  in  defect  at  the  tail,  and  there  is  consequently  a  current  from 
the  head  to  the  tail  to  maintain  the  equilibrium.  In  a  perfect  floid, 
without  friction  or  viscosity,  no  expenditure  of  power  would  be  re- 
quired to  propel  any  object  moving  in  it. 

Q,  Does  the  same  action  which  exists  in  the  case  of  a  fish  take 
place  also  in  the  case  of  a  ship  ? 

A,  It  does  to  a  considerable  extent.  But  in  the  case  of  a  ship 
the  surface  of  the  water  is  also  disturbed,  the  line  of  least  resistance 
being  to  the  surface.  There  is  consequently  an  upward  and  dowiii- 
ward  movement  of  the  water  which  has  to  be  considered. 

Q,  Will  not  speed  also  be  promoted  by  placing  the  midship 
frame  at  one-third  of  the  length  from  the  bow,  instead  of  in  the 
middle  of  the  length  as  at  present  ? 

A,  It  will.  The  water  displaced  by  the  hull  necessarily  moves 
to  the  surface,  and  one  main  indication  to  be  fulfilled  is  to  leave 
this  vibrating  mass  of  water  without  any  motion  in  it,  as  such 
motion  implies  waste  of  power.  If  the  wave  raised  by  the  progress 
of  the  vessel  attains  its  greatest  elevation  at  the  middle  of  the 
length  of  hull,  it  will  attain  its  greatest  depression  at  the  stem  post, 
and  will  have  expended  its  energy  in  aggravating  that  depression ; 
whereas,  if  the  configuration  of  the  hull  be  such  as  to  place  the 
greatest  elevation  of  the  wave  at  one-third  of  the  length  from  the 
bow,  the  maximum  depression  will  be  at  one-third  of  the  length 
from  the  stem,  and  from  this  point  the  wave  will  again  rise  to  its 
point  of  maximum  elevation  at  the  very  stem.  In  this  progress  it 
will,  by  a  proper  configuration  of  the  stern,  be  imparting  force  all 
aiong ;  and  the  motion  created  in  the  water  by  the  vessel's  pro- 
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gress,  and  which  would  else  be  lost,  will  be  utilised  for  propul- 
sion. 

Q,  In  the  case  of  a  swift  steamer,  will  the  displacement  be 
mostly  to  the  surface  ? 

A,  Yes  ;  there  will  be  a  gradual  acclivity  created  from  the  stem 
up  to  midships,  and  thence  a  gradual  declivity  to  the  stem.  But 
in  reality  the  rise  in  the  surface  of  the  water  will  begin  in  advance 
of  the  stem,  and  it  is  advantageous  to  get  the  crest  of  the  wave  as 
far  aft  as  possible,  both  so  that  the  vessel  may  be  always  going 
down  hill,  and  that  a  hydrostatic  head  instead  of  a  depression  may 
be  created  at  the  stern.  This  result  has  been  to  some  extent 
obtained  in  the  case  of  light  and  swift  torpedo-boats. 

TORPEDO-BOATS. 

Q.  What  has  been  the  general  nature  of  the  experience  obtained 
with  torpedo-boats  ? 

A.  In  a  first-class  torpedo-boat  100  feet  long,  and  with  40  tons 
displacement,  a  ton  of  coal  will  carry  the  vessel  through  a  distance 
of  100  miles  at  a  speed  of  ten  miles  an  hour.  When  at  her  highest 
speed,  ten  tons  added  to  the  weight  will  take  2  J  knots  off  the  speed. 
Many  of  these  boats  attain  a  speed  of  twenty  knots  an  hour,  and 
more  than  that. 

(2-  May  not  similar  speeds  be  obtained  in  large  vessels  ? 
A,  Applying  the  law  of  corresponding  speeds  already  referred 
to  as  having  been  first  indicated  by  M.  Reech,  the  performance  of 
a  torpedo-boat  may  be  made  to  indicate  the  nature  of  the  perform- 
ance to  be  expected  from  large  vessels.     W^hen  a  torpedo-boat  was 
driven  at  a  speed  of  10  knots,  her  behaviour  was  in  all  respects  the 
same  as  that  of  a  large  vessel  driven  at  a  speed  of  14  to  15  knots 
per  hour.     The  resistance  varied  as  the  square  of  the  speed,  and 
^e  vessel  changed  trim  a  little  and  sank  a  little  further  into  the 
^*ater.    As  the  speed  increased  the  resistance  rose  more  rapidly 
^^an  the  square,  and  reached  as  much  as  the  3*5th  power.     But  as 
^he  speed  was  further  increased,  this  high  rate  of  resistance  did  not 
Continue  to  increase,  but,  on  the  contrary,  diminished,  so  that  the 
s^e  boat  which,  at  a  speed  of  10  knots,  experienced  a  resistance 
Varying  as  the  square,  and  at  13  knots  as  the  3*5th  power,  had  at 
*  8  knots  a  resistance  varying  as  the  r5th  power,  and  beyond  that 
^resistance  varying  as  the  simple  velocity.     Mr.  Froude's  experi- 
ments upon  the  friction  of  bodies  moving  in  water  show  that  up  to 
^  speed  of  10  knots  there  is  no  considerable  deviation  from  \.Vit\^^ 
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of  the  resistance  increasing  as  the  square,  or,  more  neariy,  as  the 
I  'Sth  power  of  the  velocity.  But  the  friction  at  very  high  speeds 
has  not  been  ascertained.  The  diminished  resistance  of  torpedo- 
boats  at  high  speeds  must  be  imputed  partly  to  their  immersion 
being  made  less  by  the  rising  of  the  hull  in  the  water  at  high 
speeds.  There  is  no  doubt,  moreover,  that  in  all  vessels  a  wave  of 
a  volume  at  least  equal  to  the  hull  travels  with  the  vessel,  as  is 
more  conspicuously  manifested  in  the  case  of  canal  boats ;  and  in 
ordinary  vessels,  as  in  canal  boats,  the  result  will  be  best  when  the 
vessel  travels  at  the  same  speed  as  this  wave,  and  when  the  crown  of 
the  wave  is  brought  considerably  abaft  the  midship  frame,  so  as  to 
deliver  its  momentum  before  parting  with  the  vessel,  whereby  the 
work  of  propulsion  will  be  assisted. 

Q,  What  species  of  screw  is  found  best  in  fast  torpedo-boats  ? 

A,  A  two-bladed  screw  is  better  than  a  three-bladed,  and  it 
should  be  somewhat  astern  of  the  rudder-post,  and  be  wholly  im- 
mersed, as  when  it  protrudes  above  the  water  it  draws  in  air,  and 
lessens  the  speed  of  the  boat  in  the  proportion  of  7  to  *5.  A  change 
of  trim  will  sometimes  correct  this  defect.  Twin  screws  have  not 
been  found  so  convenient  or  satisfactory  as  single  screws.  But 
probably  Ericsson's  original  arrangement  of  two  screws  on  the 
same  axis,  revolving  in  opposite  directions,  would  give  a  better  re- 
sult than  a  single  screw.  With  large  screws  there  has  been  found 
to  be  a  negative  slip  of  i  to  i  J  per  cent.,  and  a  worse  performance. 
In  fast  boats  the  slip  should  not  be  less  than  12,  or  more  than  27 
per  cent.  It  is  found  that  the  slip  increases  with  the  speed  up  to 
18  knots,  and  then  diminishes. 

Q.  What  is  the  thickness  of  the  plates  of  which  these  swift 
vessels  are  built  ? 

A.  The  plates  are  of  thin  Bessemer  steel,  galvanised,  and  in 
some  cases  have  been  as  thin  as  ^th  of  an  inch. 

j2.  Is  there  not  a  good  deal  of  vibration  in  such  thin  vessels  at 
high  speeds .? 

A,  There  is  a  good  deal  of  vibration  with  certain  speeds,  btit 
at  both  lower  and  higher  speeds  the  vibration  stops — to  be  renewed 
at  other  speeds.  Thus,  it  has  been  found  that  in  a  boat  86  feet  long 
there  was  very  great  vibration  when  the  engines  were  making  200, 
400,  600,  or  800  revolutions  per  minute.  But  at  the  intermediate 
speeds  of  300,  500,  and  700  revolutions  the  vibrations  ceased 
altogether. 

j2-  Is  the  vibration  due  to  the  engines  or  due  to  the  boat? 
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A.  It  is  due  to  the  combination.    A  slight  vessel,  like  a  suspen- 
sion bridge,  has  a  vibration  of  its  own,  which  may  become  ver>' 
great  if  the  force  be  applied  and  withdrawn  synchronously  with  this 
natural  vibration.    A  suspension  bridge  has  been  broken  down  by 
a  troop  of  soldiers  marching  over  it  and  keeping  step  to  the  tune 
of  a  fife ;  and  in  torpedo-boats,  when  the  period  of  maximum  vibra- 
tion is  found  to  be  coincident  with  that  velocity  of  engine  power 
which  gives  full  speed,  the  pitch  of  the  screw  is  altered  so  as  to  ex- 
tinguish the  vibration  by  altering  the  engine  speed.    This  was  done 
in  the  case  of  the  *  Lightning,*  which,  at  an  engine  speed  of  360 
revolutions  per  minute,  vibrated  very  much.     The  stem  vibration  is 
found  to  be  twice  as  rapid  as  the  bow  vibration, 
g.  In  torpedo-boats,  are  there  any  limits  of  size  ? 
A,  There  are  two  classes  of  torpedo-boats.     The  first-class 
boats  have  sufficient  size  and  power  to  be  able  to  keep  at  sea  them- 
selves.    The  second-class  boats  are  intended  to  be  carried  by  large 
vessels  in  the  same  way  as  ordinary  row-boats  are,  and  when  not 
required  to  be  used  they  are  hauled  up  and  hung  by  davits.    A 
second-class  boat  will  be  able  to  exert  150  horses-power,  with  650 
revolutions,  and  will  attain  a  speed  of  17 J  knots.     Her  weight  with 
steam  up  will  be  about   (2 J  tons.    A  first-class  torpedo-boat  will 
exert  a  power  of  about  470  horses,  with  445  revolutions,  and  will 
attain  a  speed  of  2ij  knots.     Such  a  boat  will  be  about  no  feet 
long,  12  feet  broad,  and  will  draw  6  feet  3  inches  of  v/ater,  and  the 
<lisplacement  will  be  about  52^  tons.     In  the  first  and  second-class 
l>oats  alike  the  engines  are  of  the  compound  type. 

Q,  In  what  way  did  the  torpedo  class  of  boats  originate  ? 
A,  In  i860,  boats  60  feet  long  and  6  feet  wide  were  drawn  by 
Worses  on  the  Regent's  Canal,  in  London,  at  a  speed  of  10  miles  an 
^our.  Mr.  Thomeycroft  built  a  small  steamer— the  *  Nautilus'— 
^th  the  design  of  equalling  this  performance,  and  she  attained  a 
^Peed  of  between  11  and  12  miles  per  hour.  The  *  Lightning'  was 
^rwards  built,  which,  with  a  propeller  3  feet  in  diameter  and  400 
'^^^''scs-power,  attained  a  speed  of  18  knots. 

2-  Cannot  similar  means  be  employed  to  accelerate  the  speed 
*^  Urge  vessels  ? 

A,  A  vessel  like  the  *  Iris,'  of  3,700  tons,  would,  at  a  speed  of 
^ knots,  comport  itself  in  much  the  same  way  as  a  20-knot  torpedo- 
^t  does  at  a  speed  of  10  knots.  To  act  in  the  same  way  as  the 
^orpedo-boat  at  its  maximum  speed,  the  large  vessel,  it  has  been 
imputed,  would  require  to  be  brought  up  to  a  speed  of  35  to  40 
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ion^^  10  feet  9  inches  broad,  and  of  20  to  21  tons  displacement. 
The  screws,  with  90  horses-power,  drove  the  boat  10  knots.     The 
centrifugal  pump,  with  78  horses-power,  drove  the  boat  8*12  knots. 
The  displacement  coefficient  with  the  screws  was  82,  and  with  the 
water-jets  52*5.     In  1880,  Thomey croft  fitted  a  torpedo-boat  to 
work  with  hydraulic  propulsion.     The  length  of  the  boat  was  66  feet 
4  inches,  beam  7^  feet,  draught  2\  feet,  and  displacement  14*4  tons. 
The  turbine  pump  was  2^  feet  diameter,  and  made  428  revolutions 
per  minute.     There  was  a  discharge  nozzle  above  the  water  on  each 
side,  9  inches  diameter.    The  pump  discharged  one  ton  of  water  per 
second  at  a  velocity  of  37  J  feet  per  second.     With  a  power  of  167 
horses,  the  speed  obtained  was   12*6  knots.     Similar  screw-boats 
with  170  horses-power  attained  a  speed  of  17*3  knots.    Jet  propul- 
sion, therefore,  so  far  as  regards  the  dynamical  result,  is  inferior  in 
efficacy  to  screw  propulsion  ;  but  it  may  be  used  with  advantage  in 
shallow  water,  where  there  is  not  depth  enough  for  the  screw,  and 
where  the  issuing  water  may  help  to  fill  up  the  vacuity  at  the  stem 
caused  by  the  progress  of  the  boat  through  the  water.     In  most 
cases,  moreover,  in  which  water-jet  propellers  have  hitherto  been 
tried,  the  area  of  the  jet  orifices  has  been  too  small,  and  conse- 
quently too  great  a  velocity  has  been  imparted  to  the  issuing  water. 
The  difference  between  the  velocity  of  the  vessel  and  the  velocity 
of  the  issuing  jet  represents  the  slip,  and  just  in  the  proportion  of 
the  disparity  of  these  velocities  will  be  the  waste  of  power  from 
slip.    The  theoretical  condition  which  should  be  sought  to  be  ap- 
proximated to,  is  that  the  rope  of  water  should  be  practically  un- 
curbed, and  that  by  means  of  it  the  vessel  should  haul  herself 
^ong,  the  whole  motion  being  in  the  vessel  and  none  at  all  in  the 
^ter.     The  velocity  of  the  issuing  water,  it  is  clear,  will  be  small 
^^  the  proportion  in  which  the  area  of  the  discharging  orifice  is 
Sf'eat ;  and  a  large  mass  of  water  to  act  upon  and  a  small  velocity 
^  efflux  are  necessary  conditions. 

PNEUMATIC  PROPULSION. 

2.  May  not  some  other  fluid  than  water  be  employed  for  jet 
Propulsion  1 

A.  Yes ;  a  more  convenient  and  more  economical  expedient 
^ould,  I  believe,  be  propulsion  by  air,  or  rather  by  the  smokeless 
^^ucts  of  combustion. 

Q.  How  could  this  idea  be  carried  into  effect  ? 
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A.  Liquid  fuel  is  found  to  have  a  greater  heating  efficienq- 
than  coal.  If  certain  quantities  of  liquid  fiiel  and  air  were  to  be 
forced  into  a  furnace,  a  smokeless  combustion  at  a  high  pressure 
could  be  maintained  therein,  and  jets  issuing  from  this  furnace  and 
pointing  stemward  beneath  the  water  would  propel  the  vessel  in 
much  the  same  way  that  water  does. 

j2.  But  would  not  such  jets  be  necessarily  smaller  than  water 
jets,  and  therefore  involve  more  slip  ? 

A,  Not  necessarily.  The  air  jets  could,  by  being  presented 
obliquely  to  the  water,  be  made  to  act  upon  a  very  large  volume 
of  water,  so  that  the  water  would  not  be  much  moved,  and  the  slip 
would  be  small  in  the  proportion  of  the  smallness  of  the  motion 
imparted  to  the  water. 

Q.  Then  no  boiler  would  be  required  under  such  an  arrange- 
ment? 

A,  No ;  but  a  jet  of  water  could  be  introduced  among  the 
products  of  combustion  as  they  emerge  from  the  furnace,  so  as  to 
moderate  the  temperature  and  increase  the  volume.  The  resulting 
steam  would  escape  with  the  products  of  combustion,  and  be  con- 
densed  by  the  water  outside. 


( 
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CHAPTER  VIII. 
EXAMPLES  OF  MODERN  ENGINES  AND  BOILERS. 

LAND  ENGINES  AND   BOILERS. 

(2-  You  have  already  stated  that  in  good  land  and  marine 
boilers  about  9  square  feet  of  heating  surface  are  required  to  eva- 
porate a  cubic  foot  of  water  in  the  hour  without  serious  loss  of  heat 
up  the  chimney.  What  is  the  proportion  of  surface  necessary  in 
locomotive  boilers  to  attain  the  same  result  ? 

A,  About  6  square  feet. 

Q,  What  is  the  cause  of  the  difference  ? 

A,  In  locomotives  the  fire-box  is  usually  of  copper  and  the  tubes 
of  brass.  These  metals  are  better  conductors  of  heat  than  the  iron 
of  which  the  parts  of  land  and  marine  boilers  are  generally  formed. 
The  main  cause  of  the  difference,  however,  lies  in  the  higher  tem- 
perature of  locomotive  furnaces,  owing  to  the  greater  intensity  of 
the  draught 

Q.  Are  all  parts  of  the  heating  surface  equally  effective  for 
evaporation  ? 

A-  No ;  there  is  a  very  great  difference,  depending  upon  the 
temperatures  to  which  the  parts  have  been  respectively  subjected. 
thus,  in  the  experiments  made  by  Mr.  Graham,  of  which  the  results 
Ire  recorded  in  the  *•  Transactions  of  the  Literary  and  Philosophical 
Society  of  Manchester,'  for  1858,  four  open  tin  pans,  each  a  foot 
Square,  were  set  in  a  row  in  brickwork.  A  grate,  a  foot  square,  was 
Placed  under  the  first  pan,  and  a  flue  from  it  passed  beneath  the 
^er  pans  successively  and  conducted  the  smoke  to  the  chimney. 
Taking  the  evaporative  efficacy  of  the  first  pan  as  100,  that  of  the 
iccond  pan  was  27,  of  the  third  13,  and  of  the  fourth  8.  In  another 
(cries  of  experiments,  three  cylinders  of  plate  iron,  each  3  feet  dia- 
meter, 3  feet  long,  and  \  inch  thick,  were  set  horizontally,  end  to 
^d,  in  brickwork,  with  a  grate  2  feet  broad  and  3  feet  long  undex 
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the  first  cylinder ;  and  a  flue,  concentric  with  the  cylinders,  4  inches 
in  radial  depth  and  extending  up  to  the  semi-diameter,  conducted 
the  smoke  beneath  the  other  cylinders  to  the  chinmey.  Taking 
the  evaporative  efficacy  per  square  foot  of  heating  surface  in  the 
first  cylinder  at  73,  that  of  an  equal  area  in  the  second  cylinder  was 
18^,  and  that  in  the  third  cylinder  8^,  showing  that  about  three- 
fourths  of  the  total  evaporation  per  square  foot  was  done  in  the 
first  cylinder,  and  only  one-twelfth  in  the  third. 

Q,  Have  similar  results  been  obtained  in  the  case  of  locomotive 
boilers  ? 

A.  Yes  ;  so  far  back  as  1842  Mr.  Edward  Woods  demonstrated 
this  by  conclusive  experiment.  Successive  portions  of  the  flue- 
tubes  of  a  locomotive,  5^  feet  long  in  all,  were  separated  from  the 
adjoining  portions  by  vertical  diaphragms.  The  first  compartment 
was  6  inches  long,  and  each  of  the  others  12  inches.  It  was  found 
that  the  evaporative  duty  per  square  foot  of  the  first  compartment 
was  nearly  the  same  as  that  of  the  fire-box,  that  of  the  second 
compartment  about  one-third  as  much,  and  that  of  the  remaining 
compartments  very  small.  The  first  6  inches  of  tube,  in  fact,  did 
more  work  than  the  remaining  60  inches. 

Q.  Have  these  results  been  confirmed  by  other  experimenta- 
lists .? 

A,  Yes,  by  several ;  but  I  will  only  recapitulate  those  obtained 
by  M.  P^tiet,  of  the  Northern  Railway  of  France.     He  divided  a 
locomotive  boiler  with  tubes  1 2  feet  3  inches  long  into  five  com- 
partments.   The  first  compartment  consisted  of  the  fire-box  with 
3  inches  of  length  of  the  tubes.     The  four  tube-sections  were  each 
3*02  feet  long,  and  each  presented  179  square  feet  of  surface,  while 
the  surface  of  the  fire-box  and  3  inches  of  tube  was  76*43  square  feet- 
The  water  evaporated  per  square  foot  per  hour  with  coke  was,  in 
the  first  or  fire-box  section,  24*5  lbs. ;  in  the  second  or  first  ttibc 
section,  872  lbs. ;  in  the  third,  4*42  lbs. ;  in  the  fourth,  2*52  lbs- » 
and  in  the  fifth,  1*68  lbs.    M.  Havrez,  from  these  and  other  eiqjcn-      ; 
ments,  deduces  the  law  that  the  quantities  of  water  evaporated  by 
equal  consecutive  lengths  of  flue  tubes  decrease  in  geometrical      ; 
progression,  while  the  distances  from  the  commencement  of  the      j 
series  increase  in  arithmetical  progression.  The  results  of  Mr.  D.  K. 
Clark's  experiments  on   locomotive  boilers  are   set   forth  in  ^^ 
valuable  work  on  *  Railway  Machinery,'  and  also  in  a  paper  on 
*  The  Evaporative  Performance  of  Steam  Boilers,*  read  before  the 
Institution  of  Civil  Engineers  in  1876. 
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!.  Will  you  give  an  example  of  a  modem  land  boiler  of  ordinaTy 


A.  For  this  purpose  I  will  take  an  ordina.ry  Galloway  boiler 
with  cylindrical  shell  and  internal  furnaces.  Such  a  boiler  is 
shown  in  fig.  105,  where  a  is  the  boiler  shell,  shown  ii 


B  the  furnace;  c  the  flue,  in  which  are  set  several  conical  pipes  open 
to  the  water  in  the  bcuter ;  D  is  the  ashpit ;  E  the  (iimace  door ;  F  the 
brickwork  in  which  the  boiler  is  set,  and  in  which  a  flue  L  L  is 
formed,  through  which  Ihe  smoke  passes  beneath  the  boiler  to  the 
diimney  M  ;  G  is  a  steam  dome  or  steam  reservoir  placed  on  top 
of  the  boiler ;  N  is  the  stop  valve,  through  which  the  steam  is  ad- 
mitted to  the  engine  ;  P  is  the  safety  valve  ;  q  the  man-hole  door, 
which  is  removed  when  a  man  is  required  to  enter  the  boiler  for 
cleaning  or  repairs  ;  R  is  the  steam  gauge  ;  and  s  the  glass  tube  ibr 
showing  the  water-level  within  the  boiler.  The  smoke,  on  reaching 
the  end  of  the  furnace  flue,  divides  and  returns  to  the  front  of  the 
bcMler  through  flues  formed  in  the  brickwork  f,  and  thence  descends 
into  the  flue  ll,  which  conducts  it  to  the  chimney. 

Q.  What  are  the  advantages  and  defects  of  this  species  of 
bmlcr? 

A.  Its  main  merit  is  that  it  is  strong,  by  reason  of  being  cylin- 
dricaL     But  this  distinction  it  only  possesses  in  common  with  all 
other  cylindrical  boilers,  and  there  are  few  others  now  made. 
j2-  Arc  the  internal  furnaces  liencficial  ? 

A.  I  think  not     The  furnace  flue  is  necessarily  of  very  small 
diameter  in  boilers  of  this  kind,  especially  if  they  are  of  moderate 
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Advantages  and  Disadvantages. 
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power— and  this  circumstance  iimi 
can  be  adopted,  and  also  the  amo 
Kiven  to  the  furnace  bars. 

g.  Is  a  thin  fire  disadvantageous? 
A.  If  a  fire  be  spread  over  a  large  surface  its  temperature  is 
diminished,  and  this  impairs  the  completeness  of  the  combustion 
and  also  the  rapidity  of  the  transmission  of  heal  to  the  water.  The 
best  thickness  of  the  fire  in  any  given  boiler  will  depend  very  n 
Upon  the  intensity  of  the  draught  and  the  size  of  the  pieces  of  o 
used.  In  furnaces  operating  with  a  natural  draught  and  fed  d 
coal  of  good  quality,  the  pieces  of  which  vary  in  size  from  that  a 
hazel  nut  to  that  of  an  egg,  it  is  found  by  experiment  that  a  thick™ 
ness  of  fire  of  about  14  inches  gives  the  best  result.  In  boilers  of 
the  Galloway  type  no  such  thickness  can  be  got  unless  the  boiler 
be  made  of  very  large  siie,  and  if  so  made  the  condition  introdnces 
other  e\ils. 

Q.  What  is  the  nature  of  the  impediment  to  the  use  of  a  tl 
fire  in  these  boilers  ? 

A.  The  furnace  fiue,  whatever  its  diameter,  has  to  be  divi 
horizontally  into  two  parts  by  the  grate,  the  upper  portion  consti- 
tuting the  furnace  and  the  lower  portion  the  ashpit  If  the  flue 
be  3  feet  in  diameter,  as  it  Is  usually  made  in  cylindrical  marine 
boilers,  the  furnace  can  be  made  iS  inches  deep  from  the  crown  to 
the  bars,  and  the  ashpit  about  14  inches  deep,  after  allowing  for  ilw 
depth  of  the  grate.  If  the  fire  be  made  14  inches  thick,  there  will 
only  be  4  inches  of  space  between  the  surface  of  the  fire  and  tl« 
crown  of  the  furnace,  which  isquiietoo  shallow  a  space  for  tbrowiog 
the  coal  through  in  stoking  the  fire.  The  width  of  the  fire  suifeft 
moreover,  at  4  inches  from  the  crown  is  greatly  contracted,  vA 
affords  an  inadequate  area  for  the  smoke  to  pass  through  00  * 
way  to  the  chimney,  especially  as  the  furnace  bridge  should  always 
extend  to  a  greater  height  than  the  surface  of  the  fire.  It  is  c'p^' 
therefore,  that  in  a  3-feet  furnace  flue  nothing  like  14  inches  thick- 
ness of  fire  can  be  got,  and  even  this  size  of  flue  involves  a  «iT 
large  diameter  of  boiler.  With  two  3-feei  furnace  flues  and  4  iix^^ 
of  water  space,  the  diameter  of  shell  where  the  furnaces  arc  inserl» 
must  be  at  least  7  feet,  without  counting  thicknesses  of  plate ;  ^ 
as  the  furnaces  are  not  inserted  in  the  middle  of  the  boiler  W 
considerably  below  that,  the  diameter  of  the  boiler  which  admiis 
Ihem  must  necessarily  be  so  large  as  10  make  it  impossible  U> 
obUin  the  strength  necessary  for  high  pressures  without  an  otj«- 
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tionable  amount  of  weight.  Thus,  in  the  boilers  of  the  *  Head- 
Quarters  '  with  60  lb.  steam,  where  the  two  furnace  flues  are  each 
3  feet  3  inches  diameter,  the  shell  comes  out  to  be  10  feet  10  inches 
diameter  and  cannot  be  made  less. 

Q.  Of  what  thickness  would  the  iron  of  such  a  boiler  require 
to  be,  as  compared  with  one  of  5  feet  5  inches  diameter  of  shell 
and  carrying  the  same  pressure  ? 

A,  It  would  require  to  be  of  twice  the  thickness. 

^.  Is  60  lbs.  per  square  inch  a  common  pressure  in  modem 
boilers  ? 

A,  It  is  now  reckoned  rather  a  low  pressure  even  for  condensing 
engines,  while  for  high -pressure  engines  it  is  quite  too  low  to  be 
economical.  About  double  this  pressure,  or  120  lbs.  per  square 
inch,  is  the  lowest  pressure  which  should  now  be  entertained  in 
high-pressure  engines. 

Q,  Supposing  the  boilers  of  the  *  Head-Quarters'  to  be  pro- 
portioned to  carry  120  lb.  steam,  would  the  thickness  of  the  iron 
of  which  they  arc  composed  have  to  be  doubled  ? 

A.  Yes ;  so  far  as  regards  strain,  increasing  the  pressure  is 
tantamotmt  to  increasing  the  diameter.  A  10  foot  10  inch  boiler 
with  120  lb.  steam  requires  to  have  as  thick  plates  as  a  21  foot 
S  inch  boiler  with  60  lb.  steam.  For  high  pressures  the  plan  of 
fitting  cylindrical  boilers  withlntemal  furnaces  is  clearly  inadvisable. 

Q.  Will  you  specify  some  other  species  of  boiler  which  is  not 
attended  with  the  same  inconveniences  ? 

A.  A  barrel  of  tubes  laid  on  its  side  with  a  fire  beneath  appears 

to  be  a  preferable  arrangement  for  land  purposes.     Such  a  boiler 

is  shown  in  figs.  106  and  107,  where  A  is  the  ash-pit ;  B,  the  furnace 

bridge ;  C,  a  collecting  vessel  into  which  the  mud  and  deposit,  which 

"^ould  else  collect  upon  the  bottom  of  the  boiler  or  would  go  to 

^orm  scale  upon  the  tubes,  are  collected  ;  D  is  a  cock  conducting  the 

^eam  from  a  perforated  internal  steam-pipe  to  the  engine  ;  E  E  are 

safety  valves ;  and  F  is  a  pipe  through  which  the  sediment  is  from 

"•ine  to  time  blown  out  of  the  collecting  vessel  c.     It  will  be 

^^bvious  from  this  delineation  that  the  boiler  consists  of  a  cylinder 

^  tubes,  resting  upon  its  side  for  its  entire  length  on  a  brick 

'^all,  upon  each  side  of  which  a  fiimace  is  formed  of  brickwork. 

*ht  smoke  and  flame  travel  beneath  the  bottom  and  along  the 

^ides  of  the  boiler  to  the  end,  and  return  through  the  tubes  to  the 

^^^t,  where  the  chinmey  is  situated.     Before  entering  the  tubes 

^e  smoke  is  deflected  downward  by  a  hanging  bridge,  which 
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;  the  hot  air  in  contact  with  the  sides,  and  it  is  found  that  by 
Tangement  no  soot  collects  on  the  outside  of  the  boiler.  It 
found  that  the  brickwork  becoming  very  hot  helps  to  bum 
loke,  and  by  the  radiation  of  its  heat  increases  the  efficacy 
beating  surface.  Under  this  arrangement  there  are  two  short 
es  which  are  easily  fired,  and  any  thickness  of  fire  can  be 
^  which  is  found  advisable.  There  is  sufficient  space 
d  round  the  tubes  to  permit  a  free  circulation  of  the  water, 
yj  the  efficacy  of  the  heating  surface  is  increased.  The 
is  strong,  light,  and  inexpensive,  and  enables  high  pressures 
employed  with  safety. 

What  is  the  object  of  employing  a  perforated  internal  steam- 
By  taking  the  steam  off  over  a  considerable  length  of  the 
instead  of  from  one  spot,  it  reduces  very  materially  the  lia- 
to  priming.  This  will  be  further  reduced  by  working  with 
ck,  D,  partly  shut. 

Will  you  explain  the  structure  and  mode  of  action  of  the 
ing  vessel  ? 

The  collecting  vessel  is  a  cylinder  of  sheet  iron,  closed  at 

item  but  open  at  the  top,  and  with  a  number  of  v-shaped 

itions  in  its  sides  extending  above  and  below  the  water-level. 

{^article  of  grit  or  mud  within  the  boiler  is  ballooned  to  the 

e  by  a  bubble  of  steam  so  soon  as  ebullition  commences,  and 

Kit  settle  on  the  bottom  so  long  as  the  agitation  of  the  water 

ues.    If  a  quiescent  spot  be  provided  in  the  boiler  the  moving 

le  will  settle  there,  and  the  collecting  cylinder  provides  such 

,  as  the  water  within  it,  not  being  exposed  to  the  heat  of  the 

;  perfectly  tranquil.     The  water  which  enters  through  the  v 

ations  consequently  soon  deposits  any  particles  suspended 

ind  as  this  is  constantly  being  replaced  by  other  water,  the 

of  the  water  in  the  boiler  is  soon  cleared  of  its  foreign  par- 

The  lime  separated  from  calcareous  water,  and  which  in 

iiy  boilers  forms  scale,  will  be  collected  as  mud  in  a  collecting 

,  and  may  thus  be  expelled  by  occasional  blowing  off— say,  in 

ory  boiler  for  a  few  minutes  at  each  meal  hour. 

What  kind  of  engine  is  used  with  this  species  of  boiler? 

Any  ordinary  form  of  engine  may  be  used  with  it.     But  if 

oiler  be  made  on  the  proportions  here  shown,  the  engine 

be  a  high-pressure  one  with  a  blast-pipe  in  the  chimney,  as 

oiler  tubes   are  proportioned   on   that   supposition.     It  is 
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expensive.    They  are  very               ^^HSS'^^^^^I 

equable                                          _^^^QM9f^^^^^l 

work   without  tremor,  and            ^^E^^^^^B^^^^ 

XX  economical                                 ^^H^^^HA^^^^ 
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Q,  Are  compound  engines  of  the  marine  type  sometimes  used 
for  land  purposes  ? 

A.  They  are  sometimes  so  used,  and  their  action  has  been 
found  to  be  highly  satisfactory.  They  are  economical  in  fuel,  are 
much  more  equable  in  their  action  than  the  slow-moving  beam- 
engines  heretofore  used,  are  inexpensive  to  erect  from  the  absence 
of  foundations,  and  are  not  costly  to  buy  relatively  with  the  power 
they  generate.  An  engine  of  this  character  is  shown  in  figs.  109 
and  1 10^  where  A  is  the  low-pressure  and  B  the  high-pressure  cylin- 
der ;  C,  the  high-pressure  slide,  at  the  back  of  which  there  are  two 
adjustable  plates  moved  by  a  separate  eccentric,  for  determining 
the  amount  of  expansion  in  the  high-pressure  cylinder ;  D  is  the 
slide-valve  of  the  low-pressure  cylinder ;  E  is  the  eduction  pipe 
leading  from  the  low-pressure  valve  to  the  condenser ;  F  is  the  foot- 
valve  which  admits  the  water  in  the  condenser  to  the  air-pump  ; 
G  G  are  the  cranks,  which  have  balance  weights  attached  to  them 
by  iron  straps  to  balance  the  weight  and  momentum  of  the  pistons 
and  their  connections.  Both  cylinders,  both  on  the  sides  and  at 
the  ends,  are  steam-jacketed.  The  cylinder  proper  is  in  each  case 
formed  of  a  bush  of  hard  cast-iron  set  in  a  somewhat  larger  cylin- 
der, the  space  between  being  filled  with  steam,  which  constitutes 
the  jacket  To  make  the  jacket  tight  at  the  ends,  each  bush  is 
formed  at  the  lower  end  with  a  flange  turning  inwards,  which  is 
bolted  finnly  to  the  bottom  of  the  containing  cylinder,  while  the 
upper  part  of  each  bush  is  enlarged  to  form  a  slipping  joint,  which 
is  made  steam-tight  by  means  of  asbestos  or  other  packing.  The 
power  of  the  engine  is  communicated  to  the  machinery  it  drives  by 
means  of  a  ily-wheel  pulley. 

0.  Would  a  boiler  of  the  kind  you  have  described  as  suitable 
for  high-pressure  land  engines  be  suitable  for  this  engine,  seeing 
that  it  is  a  land  engine  also  ? 

A*  No ;  it  would  not  be  suitable  if  the  same  proportions  were 
observed.  But  it  would  be  suitable  if  shortened,  increased  in 
^^axneter,  and  fitted  with  a  larger  number  of  tubes  of  a  larger  bore. 
'^  is  clear  that  with  a  sluggish  draught  long  tubes  are  a  mistake, 
^s  the  heat  will  be  absorbed  in  the  first  part  of  the  tube,  leaving 
^he  other  part  nothing  to  do  ;  whereas  with  a  strong  draught,  if  the 
^bes  be  very  short,  a  good  deal  of  the  heat  will  go  up  the  chimney. 
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MODERN   MARINE  ENGINES. 

Q,  You  have  stated  that  the  best  form  of  engine  for  paddle- 
steamers  is  the  oscillating  engine.  Arc  oscillating  compoundb 
sometimes  made  ? 

A.  They  are,  but  not  often.  The  external  appearance  of  such 
engines  is  much  the  same  as  that  of  ordinary  engines,  the  cylinders 
being  of  the  same  apparent  size.  But  a  high-pressure  cylinder  is 
placed  within  one  of  the  cylinders,  and  the  space  between  this  high- 
pressure  and  its  containing  cylinder  constitutes  a  reservoir  for  the 
steam  which  the  high -pressure  cylinder  delivers. 

Q,  Will  you  describe  the  structure  of  an  ordinary  oscillating 
marine  engine  as  made  by  Messrs.  Penn  t 

A,  To  do  this  it  will  be  expedient  to  take  an  engine  of  a  given 
power,  and  then  the  sizes  may  be  given  as  well  as  an  account  of 
the  configuration  of  the  parts.   We  may  take  for  an  example  a  pair 
of  engines  of  21^  inches  diameter  of  cylinder,  and  22  inches  stroke, 
rated  by  Messrs.  Penn  at  12  nominal  horses-power  each.     The 
cylinders  of  this  oscillating  engine  are  placed  beneath  the  cranks, 
and,  as  in  all  Messrs.  Penn's  smaller  engines  of  similar  size,  the 
piston-rod  is  connected  to  the  crank-pin  by  means  of  a  brass  cap, 
provided  with  a  socket,  by  means  of  which  it  is  cuttcred  to  the 
piston-rod.     There  is  but  one  air-pump,  which  is  situated  within 
the  condenser  between  the  cylinders,  and  it  is  wrought  by  means 
of  a  crank  in  the  intermediate  shaft— this  crank  being  cut  out  of 
a  sc^id  piece  of  metal  as  in  the  formation  of  the  cranked  axles  of 
locomotive  engines.    The  steam  enters  the  cylinder  through  the 
outer  trunnions,  or  the  trunnions  adjacent  to  the  ship's  sides,  and 
enters  the  condenser  through  the  two  midship  trunnions — a  short 
three-ported  valve  being  placed  on  the  front  of  the   cylinder  to 
regulate  the  flow  of  steam  to  and  from  the  cylinder  in  the  proper 
maimer.    The  weight  of  this  valve  on  one  side  of  the  cylinder  is 
aonietimes  balanced  by  a  weight  hung  upon  the  other  side  of  the 
cylinder ;  but  in  the  most  recent  engines  this  weight  is  discarded, 
and  two  valves  are  used,  which  balance  one  another.     The  framing 
copaists  of  an  upper  and  lower  frame  of  cast  iron,  bound  together 
by  eight  malleable  iron  columns.    Upon  the  lower  frame  the  pillow 
blocks  rest  which  carry  the  cylinder  trunnions,  and  the  condenser 
and  the  bottom  frame  arc  cast  in  the  same  piece.     The  upper 
^ame  supports  the   paddle-shaft   pillow  blocks  ;   and  pieces  are 
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bolted  on  in  continuation  of  the  upper  frame  to  cany  the  padd 
wheels,  which  are  overhung  from  the  journal. 

Q.  What  are  the  dimensions  and  arrangement  of  the  framing? 

A,  The  web,  or  baseplate,  of  the  lower  frame  is  }  of  an  inch 
thick,  and  a  cooming  is  carried  all  round  the  cylinder,  leaving  nn 
opening  of  sufficient  size  to  permit  the  necessary  oscillation.     The 
cross-section  of  the  upper  frame  is  that  of  a  hollow  beam,  6  inches 
deep,  and  about  3^  inches  wide,  with  holes  at  the  sides  to  take  out 
the  core  ;  and  the  thickness  of  the  metal  is  f'ths  of  an  inch,  bui 
would  be  belter  if  made  a  little  thicker.     Both  the  upper  and  the 
lower  frame  are  cast  in  a  single  piece,  with  the  exception  of  the 
continuations  of  the  upper  frame,  which  support  the  paddle-wheels. 
An  oval  ring,  3  inches  wide,  is  formed  in  the  upper  frame,  of  suf- 
ficient siie  to  permit  the  working  of  the  air-pump  crank  ;  and  frocrt 
this  ring  feathers  run  to  the  ends  of  the  cross- portions  of  the  frame 
which  support  the  intermediate  shaft  journals.     The  columns  arc 
1^  inch  in  diameter  ;  they  are  provided  with  collars  at  the  loner 
ends,  which  rest  upon  bosses  in  the  lower  frame,  and  with  collars 
at  the  upper  ends  for  supporting  the  upper  frame  ;  but  the  upper 
collars  of  two  of  the  comer  columns  are  screwed  on,  so  as  to  enable 
the  columns  to  be  drawn  up  when  it  is  required  to  get  the  cylinders 
out.    The  cross-section  of  the  bottom  frame  is  also  of  the  form  of 
a  hollow  beam,  7  inches  deep,  except  in  the  region  of  the  condenxf, 
where  it  is,  of  course,  of  a  different  form.    The  depth  of  the  bow 
for  the  reception  of  the  columns  is  a  little  more  than  7  inches  deep 
on  the  lower  frame,  and  a  little  more  than  6  inches  deep  on  1^ 
upper  frame ;  and  the  holes  through  them  are  so  cored  out,  tS 
the  columns  only  bear  at  the  upper  and  lower  edges  of  the  bfl 
instead  of  all  through  it— a  formation  by  which  the  fitting  of  A 
columns  is  facilitated. 

Q.  What  are  the  dimensions  of  the  condenser  ? 

A.  The  condenser,  which  is  cast  upon  the  lower  frame,  ct 
of  an  oval  vessel,  32 J  inches  wide,  by  2  feel  4^  inches  long,*"  _ 
I  fool  loj  inches  deep  ;  it  stands  9  inches  above  the  Upper  fsff  *' 
the  bottom  frame,  the  rest  projecting  beneath  it ;  and  it  is  cnlir^ 
at  the  sides  by  being  carried  beneath  ihc  trunnions. 

g.  What  are  the  dimensions  of  the  air-pump  ? 

A.  The  air-pump,  which  is  set  in  the  centre  of  the  c 
is  I5i  inches  in  diameter,  and  has  a  stroke  of  II  inches. 
foot-valve  is  situated  in  the  bottom  of  ihe  air-pump  and  it 
aists  of  a  disc  of  brass,  in  «hich  there  was  formerly  a  t< 
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flap-valve,  opening  upwards,  but  rounded  on  one  side  to  the  circle 
of  the  pump,  and  so  balanced  as  to  enable  the  valve  to  open 
with  facility.    The  balance  weight,  which  was  formed  of  brass 
cast  in  the  same  piece  as  the  valve  itself,  operated  as  a  stop,  by 
coming  into  contact  with  the  disc  which  constitutes  the  bottom  of 
the  pump,  the  disc  being  recessed  opposite  to  the  stop  to  enable 
the  valve  to  open  sufficiently.     But  indiarubber  valves  are  now 
usually  employed.     This  disc  is  bolted  to  the  barrel  of  the  pump 
by  means  of  an  internal  flange,  and  before  it  can  be  removed  the 
ptimp  must  be  lifted  out  of  its  place.     The  air-pump  barrel  is  of 
brass,  to  which  is  bolted  a  cast-iron  mouthpiece,  with  a  port  for 
carrying  the  water  to  the  hot-well  ;  and  within  the  hot-well  the 
delivery  valve,  which  consists  of  a  common  flap-valve,  is  situated. 
The  mouthpiece  and  the  air-pump  barrel  are  made  tight  to  the 
condenser,  and  to  one  another,  by  means  of  metallic  joints  care- 
fully scraped  to  a  true  surface,  so  that  a  little  white  or  red  lead 
interposed  makes  an  airtight  joint.    The  air-pump  bucket  is  of 
brass,  and  the  valve  of  the  bucket  is  of  the  common  pot-lid  or 
spindle  kind,  or  else  is  formed  of  an  indiarubber  disc  falling  on  a 
grid.     The  injection  water  enters  through  a  single  cock  in  front 
of  the  condenser— the  jet  striking  against  the  barrel  of  the  air- 
pump.     The  air-pump  rod  is  maintained  in  its  vertical  position  by 
means  of  guides,  the  lower  ends  of  which  are  bolted  to  the  mouth 
of  the  pump,  and  the  upper  to  the  oval  in  the  top  frame,  within 
which  the  air-pump  crank  works ;  and  the  motion  is  communi- 
cated from  this  crank  to  the  pump-rod  by  means  of  a  short  con- 
necting rod.     But  the  air-pump  is  sometimes  now  made  with  a 
trunk,  and  these  guides  are  dispensed  with.     The  lower  frame  is 
not  set  immediately  below  the  top  frame,  but  2\  inches  behind  it» 
and  the  air-pump  and  condenser  are  2\  inches  nearer  one  edge 
of  the  lower  frame  than  the  other. 

Q.  What  are  the  dimensions  of  the  cylinder .? 
A.  The  thickness  of  the  metal  of  the  cylinder  is  ~ths  of  an 
inch ;  the  depth  of  the  belt  of  the  cylinder  is  9J  inches,  and  its 
greatest  projection  from  the  cylinder  is  2  J  inches.  The  distance 
from  the  lower  edge  of  the  belt  to  the  bottom  of  the  cylinder  is  11 J 
^ches,  and  from  the  upper  edge  of  the  belt  to  the  top  flange  of  the 
blinder  is  9  inches.  The  trunnions  are  t\  inches  diameter  in  the 
"tarings,  and  3 J  inches  in  width  ;  and  the  flanges  to  which  the  glands 
^e  attached  for  screwing  in  the  trunnion  packings  are  i  \  inch  thick, 
^d  have  jths  of  an  inch  of  projection.    The  width  of  the  packing 
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space  round  the  trunnions  is  ^ths  of  an  inch,  and  the  diameter 
the  pipe  passing  through  ihe  trunnions  4'ths,  which  leaves  JJlhs 
for  the  thickness  of  the  metal  of  the  bearing.    Above  and  below 
each  trunnion  a  feather  runs  from  the  edge  of  the  belt  or  bracket 
between  3  and  4  inches  along  the  cylinder,  for  the  sale  of 
tional  support ;  and  in  lat^e  engines  the  feather  is  continued 
the  interior  of  the  belt,  and  cruciform  feathers  are  added 
sake  of  greater  stiffness.     The  projection  of  the  outer  face 
trunnion  flange  from  the  side  of  the  cylinder  is  6|  inches 
thickness  of  the  flange  round  the  mouth  of  the  cylinder  is  J  of 
inch,  and  its  projection  i^inch;  the  height  of  the  cylinder  stuffing' 
boK  above  the  cylinder  cover  is  4*  inches,  and  iis  externa!  diantetec, 
4°-  inches — the  diameter  of  the  piston-rod  being  2|  inches. 
thickness  of  the  stuffing-box  flange  is  1^  inch. 

Q.  Will  you  describe  the  nature  of  the  communication  bei' 
the  cylinder  and  condenser  ? 

A.  The  pipe  leading  to  the  condenser  from  the  cylinder' 
made  somewhat  bell-mouthed  where  it  joins  the  condenser,  and  * 
gland  for  compressing  the  packing  is  made  of  a  larger  internal 
meter  in  every  part,  except  at  the  point  at  which  the  pipe  emeTBO 
from  it,  where  it  accurately  fits  the  pipe,  so  as  to  enable  Ihc  glatd 
to  squeeze  the  packing.  By  this  construction  the  gland  niay  tc 
drawn  back  without  being  jammed  upon  the  enlarged  part  of  lt« 
pipe;  and  the  enlargement  of  the  pipe  towards  the  condenser 
vents  the  air-pump  barrel  from  offering  any  impediment  to  lb*  i 
egress  of  the  steam.  The  gland  is  made  altogether  in  fourpiM** 
the  ring  which  presses  the  packing  is  made  distinct  from  the 
10  which  tile  bolts  are  attached  which  force  the  gland  agsiiiri 
packing  ;  and  both  ring  and  flange  are  made  in  two  pieces,  la 
them  to  be  got  over  the  pipe.  The  ring  is  half-checked  Id 
direction  of  its  depth,  and  is  introduced  without  any  other  St 
to  keep  the  halves  together,  than  what  is  afforded  by  the  " 
flf  the  stuffing-box  ;  and  the  flange  is  balf-cheekcd  in  the  di 
of  its  thickness,  so  that  the  bolts,  which  press  down  the 
passing  through  this  half-cnccked  part,  also  keep  the  scgnunBl 
the  flange  together.  The  bottom  of  the  trunnion  packing 
contracted  to  the  diameter  of  the  eduction  pipe,  so  as  to 
the  packing  from  being  squeeicd  into  the  jacket ;  but  the  edi 
pipe  does  not  fit  quite  tight  into  this  contracted  part,  but,  «hil<' 
vlose  contact  on  the  lower  side,  has  about  Jjnd  of  an  inch  of 
between  the  top  of  ihe  pipe  and  the  cylinder,  so  as  to  pcrtni' 
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""tnmnioni  to  wear  lo  ihal  cxiem  without  throwing  a  sirain  upon  Ihe 
pipe.  The  eduction  pipe  is  attached  lo  the  condenser  by  a  flange 
joint,  and  the  bolt-holes  arc  all  made  somewhat  oblong  in  the  per- 
pendicular direction,  so  as  to  permit  the  pipe  lo  be  slightly  towered, 
should  such  an  operation  be  rendered  necessary  by  the  wear  of  the 
irannion  bearings  ;  but,  in  practice,  the  wear  of  the  trunnion  bear- 
ings is  found  to  be  so  small  as  to  be  almost  inappreciable. 

Q.  Will  you  describe  the  valve  and  val vc- easing  ? 

A.  The  length  of  the  valve-casing  is  |6J  inches,  and  its  projec- 
tion from  the  cylinder  is  3^  inches  at  the  lop,  4^  inches  at  the 
centre,  and  2j  inches  at  the  boiiom,  so  ihai  the  back  of  the  valve- 
casing  is  not  made  flat,  but  is  farmed  in  a  curve.  The  width  of 
the  valx-e-casing  is  9  inches,  but  there  is  a  portion  of  ihe  depth  of 
the  belt  li  inch  wider,  to  peimit  the  steam  to  enter  from  the  bell 
into  the  casing.  The  va!ve*casing  is  attached  lo  ihe  cylinder  by  a 
metallic  joint ;  the  width  of  the  flange  of  this  joint  is  1^  inch,  the 
thickness  of  the  flange  on  the  casing  J  inch,  and  the  thickness  of 
the  flange  on  the  cylinder  Jths  of  an  inch.  The  projection  from  the 
cylinder  of  the  passage  for  carrying  the  steam  upwards  and  down- 
wards, from  the  valve  lo  the  top  and  bottom  of  the  cylinder,  is  jj 
inches,  and  its  width  externally  8^  inches.  The  valve  is  of  the  ordi- 
nary three-ported  description,  and  both  cylinder  and  valve  faces 

Q.  What  description  of  pislon  is  used  ? 

A.  The  piston  was  formerly  packed  with  hemp,  but  the  junk- 
ring  was  made  of  malleable  iron,  as  cast-iron  junk-rings  had  been 
found  liable  to  break.  There  were  four  plugs  screwed  into  the 
cylinder  cover,  which,  when  removed,  permitted  a  bo\-key  lo  be 
introduced,  to  screw  down  the  piston  packing.  The  screws  in  the 
junk'Ting  were  each  provided  with  a  small  ratchet,  cut  in  a  washer 
fiKCd  upon  the  head,  lo  prevent  ihc  screw  from  turning  back  ;  and 
Ihe  number  of  clicks  given  by  these  ratchets,  in  tightening  up  Ihe 
bolts,  enabled  the  engineer  to  know  when  ihey  had  all  been  tightened 
equally-  In  more  recent  engines,  however,  and  especially  in  those 
of  large  siic,  Messrs.  Penn  employ  for  the  piston  packing  a  single 
metallic  ring  with  longue-piece  and  indented  plaie  behind  the 
joint.  This  ring  is  sometimes  packed  behind  with  hemp  s<|ueezed 
by  the  junk-Hng  as  in  ordinary  hemp-packed  pistons.  Out  in 
general  the  hemp  packing  is  now  dispensed  with,  and  Ihe  pislon- 
ring  is  kept  tight  against  the  cylinder  by  springs  interposed  between 

piston  and  the  ring. 
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Q.  Will  you  describe  the  conslruclion  of  ihe  cap  fnr  connt 
ihe  piston-rod  with  the  crank-pin  p 

A.  The  cap  for  attaching  the  piston-rod  lo  the  crank-pin,  wl 
is  exhibited  in  perspective  in  tig.  1 1 1,  is  formed  altogether  of  bi 

which  brass  serves  to  form  the  bearing  of  the 
crank-pio.  The  external  diameter  of  the 
socket  by  which  this  cap  is  attached 
pi^iton-rod  is  -^^^  inches.  The  diameter 
the  crank-pin  is  3  inches,  and  the  Icnglh 
the  crank-pio  bearing  3^  inches.  The  thf 
ncss  of  the  brass  around  the  crank-pin  ~ 
ing  is  1  inch,  and  the  upper  portion  of 
brass  is  secured  to  the  lower  portion  \f 
means  of  lugs,  which  arc  of  such  a  depth 
that  the  perpendicular  section  through  the 
centre  of  the  bearing  has  a  square  ouiUm 
measuring  7  inches  in  the  horizontal  dilu- 
tion, 3I  inches  from  the  centre  of  the  pin  lo 

the  level  of  the  top  of  the  lugs,  and  2  jinchK 

Cap.  from  the  centre  of  the  pin  lo  the  level  of 

the  bottom  of  the  lugs.  The  width  of  the  lup 
is  2  inches,  and  the  bolts  passing  through  them  arc  1  j  inch  in  dii- 
meter.  The  bolts  are  tapped  into  the  lower  portion  of  the  cap, 
and  are  fitted  very  accurately  by  scraping  where  they  pass  through 
the  upper  portion,  so  as  to  aci  as  steady-pins  in  preventing  the 
cover  of  the  crank-pin  bearing  from  being  worked  sideways  by  the 
alternate  thrust  on  each  side.  The  distance  between  the  centres 
of  the  bolls  is  5  inches,  and  in  the  centre  of  the  cover,  where  tiie 
lugs,  continued  in  the  form  of  a  web,  meet  one  another,  an  oil-cup. 
i\  inch  in  diameter,  i\  inch  high,  and  provided  with  an  intemai 
pipe,  is  cast  upon  the  cover,  to  contain  oil  for  Ihe  lubrication  of  tin; 
crank-pin  bearing.  The  depth  of  the  culler  for  attaching  the  cap 
to  the  pislon-rod  is  1  \  inch,  and  its  thickness  is  Jths  of  an  inch. 

Q.  Will  you  describe  the  means  by  which  the  air-  pump  rod  is 
connected  with  the  crank  which  works  the  air-pump? 

A.  A  similar  cap  to  that  of  the  piston-rod  attaches  the  air-pump 
crank  to  the  connecting-rod  by  which  the  air-pump  rod  is  moiT*!, 
but  in  this  instance  the  diameter  of  ihe  bearing  is  5  inches,  and  the 
length  of  tlie  bearing  is  about  3  inches.  The  air-pump  connectiti!:- 
rod  and  cross-head  arc  shown  in  perspective  in  fig.  i  la.  The  thick- 
ness of  the  brass  encircling  the   bearing  of  the  sliaft  is   {  of   '" 
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inch  upon  the  edge,  and  |i  inch  in  ihe  centre,  the  back  being' 
slightly  rounded;  the  width  of  the  tugs  is  1^  inch,  and  the  depth 
of  ih-  lugs  is  2  inches  upon  the  upper  brass,  »nd  2  inches  upon  the 
lower  brass,  making  a  total  depth  of  4  inches.  The  diameter  of 
the  bolts  passing  through  the  lugs  is  1  inch,  and  the  bolts  are 
tapped  into  the  lower  brass,  and  accurately  fitted  into  the  upper 
one,  so  as  to  act  as  steady-pins,  as  in  the  previous  instance.  The 
lower  eye  of  the  connecting-rod  is  forked,  so  as  to  admit  the  eye 
of  the  air-pump  rod ;  and  the  pin  which  connects  the  two  together 


is  prolonged  into  a  cross-head,  as  shown  in  fig.  1 12.  The  ends  of 
this  cross-head  move  in  guides.  The  forked  end  of  the  connecting- 
rod  is  fixed  upon  the  cross-head  by  means  of  a  feather,  so  that  the 
^rross-head  partakes  of  the  motion  of  the  connecting-rod,  and  a  cap, 
similar  to  that  attached  to  the  pision-rod,  is  attached  to  the  air- 
ptunp  rod,  for  connecting  it  with  the  cross-head.  This  cap  is  shown 
n  fig-  1 1 3>  The  diameter  of  the  air-pump  rod  is  1  \  inch,  the  ex- 
i  diameter  of  the  socket  encircling  the  rod  is  2^  inches an& 


^JBfig-  1 
^hntal  c 
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the  deplh  of  the  socket  4i  inches  from  ihe  centre  of  the  croas- 
The  depth  of  the  cutter  fur  attaching  the  socket  to  the  rod  is  i  inch, 

?and  its  thickness  ^  inch.  The  breadth  of  the  lug» 
is  i^  inch,  the  depth  i^  inch,  making  a  total  depth 
of  2^  inches;  and  the  diameter  of  the  bolts  | 
of  an  inch.  The  diameter  of  tne  crosS'head 
at  the  centre  is  2  inches,  the  thickness  of  each 
jaw  around  the  bearing  I  inch,  and  the  breadth  of 
each  "j  inch.  It  is  clear  that,  when  .1  trunk  is  I 
troduced  into  the  air-pump,  the  cross-head  ) 
guides  will  not  be  required. 
Fi  M  -ua  of  ^'  ^^^^  "^  ^^  dimensions  of  the  crank-d 
Air  pumn  K<id.     and  cranks  ? 

McHTi.  Penn.  ^  Thedjamelerof  ilieiniermediateshafljouB 

is  4,^  inches,  and  of  Ihe  paddle-shaft  journal  i,\  inches  ;  the  lea 
of  the  journal  in  each  case  is  5  inches.  The  diameter  of  the  la 
eye  of  the  crank  is  7  inches,  and  the  diameter  of  the  hole  through  ii 
is  4]  inches  ;  the  diameter  of  the  small  eye  of  the  crank  is  5^  inches, 
the  diameter  of  the  hole  through  it  being  3  inches.  The  depth  of  ihc 
laj^e  eyes  is  4|  inches,  and  of  the  small  eye  y^  inches ;  the  breadih 
of  the  web  is  4  inches  at  the  shaft  end,  and  3  inches  al  the  pin  eiwi 
and  the  thickness  of  the  web  is  2|  inches.  The  width  of  the  luHcb 
forming  the  crank  in  the  intermediate  shaft  for  working  the  air- 
pump  is  3  J  inches,  and  the  width  of  each  of  the  arms  of  this  cnmt 
is  3J5  inches.  Doth  the  outer  and  inner  corners  of  the  crank  arf 
chamfered  away,  until  the  square  part  of  the  crank  meets  the  wnil 
of  the  shaft.  The  method  of  securing  the  crank-pins  into  the  cm"'- 
eyes  of  (he  intcrmediaie  shaft  consists  in  the  application  of  a  ■"'■ 
to  the  end  of  each  pin,  where  it  passes  through  the  eye,  the  pfoje^ '' 
ing  end  of  the  pin  being  fonned  with  a  thread  upon  which  the  ni" 


Q.  Will  you  describe  the  e 

A.  The  eccentric  and  e 
eccentric  is  put  on  the  crank-shaft 
diameter  of  largest  eccentricity  by  mt 

through   lugs  on   the  central  eye,  and  the  back  balance  b  1 
in   a   separate   piece    B   of   an    inch    thick,  and   is    attached  | 
means  of  two  bolts,  which  also  help  to  bind  the  halves  ol 


and  eccentric-rod? 
are  shown  in  fig.  1  r J. 
1  two  halves,  joined  ii 
single  boll  p 


\\  inch  broad,  and  the  flanges  of  the 


I  each   J  of  an  inch  thick.    The  i 
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is  attached  to  the  eccentric-hoop  by  means  of  two  bolts  passing 
through  lugs  upon  the  rod,  and  tapped  into  a  square  boss  upon 
the  hoop ;  and  pieces  of  iron,  of 
a  greater  or  less  thickness,  ate 
inteiTJOsed  between  the  surfaces 
in  setting  the  valve,  to  make  the 
eccentric-rod  of  the  right  length. 
The  eccentric -rod  is  kept  in  gear 
by  the  push  of  a  smalt  horizon- 
la]  rod,  attached  to  a  vertical 
blade-spring,  and  it  is  thrown 
out  of  gear  by  means  of  the 
ordinary  disengaging  apparatus, 
which  acts  in  opposition  to  the 
spring,  as,  in  cases  where  the 
eccentric-rod  is  not  vertic[i!,  it 
acts  in  opposition  to  the  gravity 
of  the  rod. 

Q.  Will  you  explain  in  detail 
the  construction  of  the  valve 
gearing,  or  such  parts  of  it  as 
are  peculiar  to  the  oscillating 

A.  The  eccentric-rod  is  at- 
tached by  a  pin,  1  inch  in  dia- 
meter, to  an  open  curved  link 
Or  sector,  with  a  tail  projecting 
Upwards  and  passing  through 
an  eye  to  guide  the  link  in  a 
Vertical  motion.  This  sector, 
together  with  the  valve  lever- 
shaft,  and  finger  for  moving  the 

Valve,  are    represented   in  fig, 

115.      The  link   is  formed    of 

iron,  case-hardened,  and  is  zj 

laches  deep  at  the  middle,  and 

^t  inches  deep  at  the  ends,  and  : 

lialt,  which  extends  nearly  its  en 

Imto  this  opening  a  brass  block,  2  inches  long,  is  truly  fitted,  there 
being  a  hole  through  (he  block,  \  inch  diameter,  fur  the  reception 
^the  pin  of  the  valvc-Eliaft  lever.     The  valve-shaft   is    \\   inch 


inch  broad.     The  opening  in  the 
ire  length,  is  I^  inch  broad  ;  and 
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diameter  at  the  end  next  the  link  or  segment,  and  dimir 
regularly  to  the  other  end  ;  but  lis  cross-section  assumes  the 
of  an  octagon  in  its  passage  round  the  cylinder,  measuring  b 
way  \\  inch  deep,  by  about  \  inch  thick,  and  the  greatest  des 
of  the  finger  for  moving  the  valve  is  about  I  inch.  The  di 
the  lever  for  moving  the  vaive-shaft  is  2  inches  at  the  broi 
The  internal  breadth  of  the  r 


L 


in  uhich  Die  valve-finger  moves  is  ^  inch,  and  its  external  \.v^ 
is  \\  inch,  which  leaves  \  of  an  inch  as  ihe  thickness  <* 
melal  round  ihe  hole  ;  and  the  breadth,  measuring  in  the  <lir«- 
tion  of  the  hole,  is  ij  inch.  The  vplve  rod  is  \  of  aii  ^K^ 
in  diameter,  and  the  mortice  is  connected  to  the  vali-e-nid  V- 
a  socket  I  inch  long,  and  i|  inch  diameter,  through  ithicfc 
small  cutler  passes.  A  continuation  of  the  rod,  il  of  an  iw* 
diameter,  passes  upward  from  the  mortice,  and  work.»  thrww* 
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an  eye,  which  serves  the  purpose  of  a  guide.  In  addition  to  the 
guide  afforded  to  the  segment  by  the  ascending  tail,  it  is  guided 
at  the  ends  upon  the  columns  of  the  framing  by  means  of  thin 
semi-circular  brasses,  4  inches  deep,  passing  half-round  the 
colunms,  and  attached  to  the  segment  by  two  j-inch  bolts  at 
each  end,  fixed  to  projecting  feathers  upon  the  brasses  and  seg- 
ment, f  of  an  inch  in  thickness.  The  curvature  of  the  segment 
is  such  as  to  correspond  with  the  arc  swept  from  the  centre  of 
the  trunnion  to  the  centre  of  the  valve  lever-pin  when  the  valve 
is  at  half-stroke  as  a  radius ;  and  the  operation  of  the  segment 
is  to  prevent  the  valve  from  being  affected  by  the  oscillation  of  the 
cylinder.  But  the  same  action  would  be  obtained  by  the  employ- 
ment of  a  smaller  eccentric  with  more  lead.  In  some  engines  the 
segment  is  not  formed  in  a  single  piece,  but  of  two  curved  blades, 
t¥ith  blocks  interposed  at  the  ends,  which  may  be  filed  down  a 
ittle,  to  enable  the  sides  of  the  slot  to  be  brought  nearer,  as  the 
netal  wears  away.  Where  two  valves  are  used  to  each  cylinder 
hey  are  placed  as  nearly  under  the  eccentric  as  they  can  be  got, 
;o  that  each  is  worked  from  the  sweep  shown  in  fig.  1 1 5  by  a  short 
ever,  the  brass  block  being  made  a  little  longer  to  permit  two 
ittachments  instead  of  one. 

Q,  What  kind  of  plummer  blocks  are  used  for  the  paddle-shaft 
learings? 

A.  The  paddle-shaft-  plummer  blocks  are  altogether  of  brass, 
md  are  formed  in  much  the  same  manner  as  the  cap  of  the  piston- 
rod,  only  that  the  sole  is  flat,  as  in  ordinary  plummer  blocks,  and 
is  fitted  between  projecting  lugs  of  the  framing,  to  prevent  side 
motion^  In  the  bearings  fitted  on  this  plan,  however,  the  upper 
brass  wiU  generally  acquire  a  good  deal  of  play  after  some  amount 
of  wear.  The  bolts  are  worked  slack  in  the  holes,  though  accu- 
rately fitted  at  first ;  and  it  appears  expedient,  therefore,  either  to 
make  the  bolts  very  large,  and  the  sockets  through  which  they 
Iiass  very  deep,  or  to  let  one  brass  fit  into  the  other. 

Q.  How  are  the  trunnion  plummer  blocks  made? 

A.  The  trunnion  plummer  blocks  are  formed  in  the  same 
manner  as  the  crank-shaft  plummer  blocks  ;  the  nuts  are  kept 
^Wnn  turning  back  by  means  of  a  pinching  screw  passing  through 
^  stationary  washer.  It  is  not  expedient  to  cast  the  trunnion 
plummer  blocks  upon  the  lower  frame,  as  is  sometimes  done ;  for 
^  cylinders,  being  pressed  from  the  steam  trunnions  by  the 
^^^am,  and  drawn  in  the  direction  of  the  condenser  by  the  vacuum^ 
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hnvc  a  continual  tendency  to  approach  one  another ;  and  as  tli^ 
wear  slightly  towards  midships,  there  would  be  no  power  of  re. 
adjustment  unless  the  plummer  blocks  were  movable.  The  flanges 
of  the  trunnions  should  always  fit  tight  against  the  plummer 
block  sides,  but  there  should  be  a  little  play  sidewalks  at  the  necks 
of  the  trunnions,  so  that  the  cylinder  may  be  enabled  to  expand 
ivhcn  heated,  without  throwing  an  undue  strain  upon  the  trunnion 
supports. 

Q.  What  kind  of  paddle-wheel  is  supplied  with  these  oscillil 
engines  ? 

A.  The  wheels  are  of  the  featheting  kind,  9  feet  fi 
diameter,  measuring  to  the  edges  of  the  floats ;  and  there  are! 
floats  upon  each  wheel,  measuring  4  feet  6  inches  long  each,  M 
18J  inches  broad.  There  are  two  sets  of  arms  to  the  wheel,  v*" 
converge  to  a  cast-iron  centre,  formed  like  a  short  pipe  w 
flanges,  to  which  the  anns  arc  affixed.  The  diameter  of  (he  d 
H'hcrc  the  centre  is  put  on  is  4^  inches,  the  external  dianeH 
the  pipe  is  8  inches,  and  the  diameter  of  the  Ranges  is  30  it 
and  their  thickness  i|  inch.  The  flanges  are  13  inches  a 
at  the  outer  edge,  and  ihcy  partake  of  the  converging  dire 
the  arms.  The  arms  are  2^  inches  broad,  and  \  an  inch  i 
the  heads  are  made  conical,  and  each  is  secured  into  a  recess  nj 
the  side  of  the  flange  by  means  of  three  bolts.  The  ring  " 
connects  together  the  arms  runs  rotmd  at  a  distance  of  3  f<*' 
6  inches  from  the  centre,  and  the  projecting  ends  of  the  arms  if 
bent  backward  the  length  of  the  lever  which  moves  the  floats,  wd 
are  made  very  wide  and  strong  at  the  point  where  they  cross  tli' 
ring,  to  which  they  are  attached  by  four  rivets.  The  fcaihCTinj 
action  of  the  floats  is  accomplished  by  means  of  a  pin  fixed  to  ^' 
interior  of  the  paddle-box,  set  3  inches  in  advance  of  the  CCDH' 
of  the  shaft,  and  in  the  same  horiiontal  line.  This  pin  is  encircle' 
by  a  cast-iron  collar,  lo  which  rods  are  attached  1 1  inch  diainc't' 
in  the  centre,  proceeding  to  the  levers,  7  inches  long,  fixed  on  ^'■ 
back  of  the  floats  in  the  line  of  the  outer  arms.  One  of  these  ro^ 
however,  is  formed  of  nearly  the  same  dimensions  as  one  of  1*' 
arms  of  the  wheel,  and  is  called  the  driving  arm,  as  it  cause*  'I" 
cast-iron  collar  to  turn  round  with  the  revolution  of  the  wheel"'' 
this  collar,  by  means  of  its  attachments  to  the  floats,  accompli^ 
the  feathering  action.  The  eccentricity  in  this  wheel  is  not  ** 
ficient  to  keep  the  floats  in  the  vertical  position,  but  in  the  poali^ 
bewttn  the  vertical  and  the  radial.    The  diameter  of  the  1*0' 
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upon  which  the  floats  turn  is  1}  inch,  and  between  the  pins  and 

paddle-ring  a  stud  rod  is  set  between  each  pair  of  the  projecting 

ends  of  the  arms,  so  as  to  prevent  the  two  sets  of  arms  from  being 

forced  nearer  or  drawn  further  apart,  and  thus  prevent  the  ends  of  the 

arms  from  hindering  the  action  of  the  floats  by  being  accidentally 

jammed  upon  the  sides  of  the  joints.     Stays,  crossing  one  another^ 

proceed  from  the  inner  flange  of  the  centre  to  the  outer  ring  of  the 

wheel,  and  from  the  outer  flange  of  the  centre  to  the  inner  ring  of 

the  wheel,  with  the  view  of  obtaining  greater  stiffness.    The  floats 

are  formed  of  plate  iron^  and  the  whole  of  the  joints  and  joint  pins 

are  steeled,  or  formed  of  steel.     For  sea-going  vessels  the  most 

approved  practice  is  to  make  the  joint  pins  of  brass,  and  to  bush 

the  eyes  of  the  joints  with  lignum  vita ;  and  the  surface  should 

be  large,  to  diminish  wear. 

Q,  Can  you  give   the    dimensions  of   any  other    oscillating 
engines  .^ 

A,  In    Messrs.    Penn's    50  nominal    horse-power    oscillating 

engine,  the  diameter  of  the  cylinder  is  3  feet  4  inches,  and  the 

lengfth  of  the  stroke  3  feet.    The  thickness  of  the  metal  of  the 

cylinder  is  i  inch,  and  the  thickness  of  the  cylinder  bottom  is  i  J 

inch,  crossed  with  feathers,  to  give  it  additional  stiffness.    The 

diameter  of  the  trunnion   bearings   is   i  foot  2  inches,  and  the 

breadth  of  the  trunnion  be<'mngs  5^  inches.     Messrs.  Penn,  in 

their  larger  engines,  generally  make  the  area  of  the  steam  trunnion 

less  than  that  of  the  eduction  trunnion,  in  the  proportion  of  32  to 

37  ;  and  the  diameter  of  the  eduction  trunnion  is  regulated  by  the 

internal  diameter  of  the  eduction  pipe,  which  is  about  Jth  of  the 

^ameter  of  the  cylinder.     But  a  somewhat  larger  proportion  than 

tlus  appears  to  be  expedient.    Messrs.  Rennie  make  the  area  of 

tbeir  eduction  pipes,  in  oscillating  engines,  ^^^nd  of  the  area  of  the 

cyUnder.     In  the  oscillating  engines  of  the  *  Oberon,'  by  Messrs. 

Keonie,  the  cylinder  was  61  inches  diameter,  and  \\  inch  thick 

above  and  below  the  belt,  but  in  the  wake  of  the  belt  it  was  i^  inch 

^ick,  which  was  also  the  thickness  of  metal  of  the  belt  itself. 

The  internal  depth  of  the  belt  was  2  feet  6  inches,  and  its  internal 

^>readth  was  4  inches.    The  piston-rod  was  6J  inches  in  diameter, 

^d  the  total  depth  of  the  cylinder  stuffing-box  2  feet  4  inches,  of 

^Wch  18  inches  consisted  of  a  brass  bush — this  depth  of  bearing 

^vmg  been  employed  to  prevent  the  stuffing-box  or  cylinder  from 

^^earing  oval. 

Qf.  Can  you  give  any  other  examples  ? 
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Tubular  Boilers  of '  Great  Eastern.' 

that  there  may  not  be  the  smallest  amount  of  play  left  upon  them  ; 
for  if  any  upward  motion  is  pemiiiied,  it  will  be  impossible  to  pre- 
vent the  trunnion  packings  from  leaking. 

Q.  What  kind  of  boilers  have  usually  been  employed  to  work 
oscillating  and  other  paddle-engines  ? 

A.  They  have  generally  been  square  tubular  boilers,  whether 
the  power  has  been  great  or  small.  The  'Great  Eastern,"  the 
largest  steam  vessel  hitherto  constructed,  and  which  was  propelled 
both  by  paddles  and 
by  a  screw,  was  fitted 
with  boilers  of  this 
charaacr,  as  will  be 
seen  by  a  reference 
to  fig.  ir6,  where 
one  of  these  boilers 
IS  represented.  In 
all  steamers,  whether 
paddle  or  sc  re w,  be  fo  re 
the  introduction  nt 
the  compound  sy; 
boilers  of  this  rl.is-, 
were  employed.  Tho 
necessary  strength  to 
prevent  rupture  or 
bulging  was  got  by 
IntitHlucing  numerous 
Mays,  extending  from 
top  to  bottom  and 
from  side  to  side  of 
the  boiler.  In  the 
'  Great  Eastern '  the  paddle- engines  were  oscillating,  and  the 
screw-engines  were  direct-acting  horizontal ;  but  both  alike  drew 
their  steam  from  the  same  class  of  boilers,  of  which  there  were  ten. 


DIRECT-ACTING  HORIZONTAL  SCREW-ENGINES. 

Q.  Having  described  an  oscillating  paddle-engine  in  minute 
detail,  will  you  now  describe  in  similar  detail  a  direct-acting  hori- 
lontal  engine  ? 

A.  I  will  take  as  an  example  of  this  species  of  engine  the 
engine  constructed  by  Messrs.  John  Bourne  and  Co.  for  the  screw- 


M'ith  one  another. 
a.  single  engine,  and  the  scr 
paddles  for  such  a  mode  of 
referred  to,  as  the  cylinder  w 
unbalanced  weight  to  be  lifted 
the  screw-shaft  was  turned,  c 
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eieamer  '  Alma,'  a  vessel  of  500  tons  burden.  This  engine  « 
single  steeple  engine  laid  on  its  side.  The  cylinder  was  of  43 
inches  diameter  and  42  inches  stroke,  and  the  vessel  was  propelled 
by  this  single  engine  at  the  rate  of  14  miles  an  hour. 

Q.  Is  not  a  single  engine  liable  to  stick  upon  the  centre,  so  thai 
it  cannot  be  started  or  reversed  with  facility  ? 

A.  A  single  engine  is  no  doubt  more  liable  to  stick  upon  the 
e  than  two  engines,  the  cranks  of  which  are  set  at  right  angles 
s  paddle-vessels  are  propelled  by 
V  offers  siill  greater  facility  than 
onstruction.  In  the  screw-enginc 
5  laid  upon  its  side,  there  was  a 
Lery  stroke;  and  the  crank,  when' 
naisicd  of  two  discs  with  a  h 
intended  to  balance  the  momentum  of  the  piston  and  its  ct 
But  these  counter- weights  by  their  gravitation  also  p 
vented  the  connecting-rod  and  crank  from  continuing  it 
line  when  the  engine  was  slopped,  and,  in  fact,  placed  the  c 
in  the  most  advantageous  position  for  starting  again. 

Q.  Will  you  explain  the  general  arrangement  of  the  paiU  4 
this  engine  ? 

A.  The  cylinder  was  laid  on  its  side  near  one  side  of  dl 
vessel,  and  from  the  cylinder  two  piston-rods  extended  (o  a  cr 
head  sliding,  in  guides,  near  the  other  side  of  the  vessel, 
cross-head  the  connecting-rod  was  attached,  and  one  end  of^ 
partook  of  the  motion  of  the  cross-head  or  piston,  while  the  odl*! 
end  was  free  to  follow  the  revolut" 
shaft,  and,  in  fact,  rotated  it. 

Q.  What  is  (he  advantage  of  tv 
position  of  the  crank  instead  of  oni 

A.  A  double  crank,  such  as  two  discs  form  with  the  crank'f"'' 
is  a  much  steadier  combination  than  would  result  if  only  ont  i>^ 
were  employed  with  an  overhung  pin.  Then  the  friction  on  li" 
neck  of  the  shaft  is  made  one-half  less  by  bemg  divided  belif'' 
the  two  bearings,  and  the  short  prolongation  of  the  shaft  bty*'' 
the  journal  is  convenient  for  the  attachment  of  the  eccentw*'" 
work  the  valves. 

Q.  Was  the  cylinder  of  the  usual  strength  and  conRgnnlioii'^ 
A.  The  cylinder  was  formed  of  cast  iron  in  the  usual  way.*^ 
was  1^  inch  thick  in  the  barrel.    The  ends  were  of  the  same  ih" 
ness,  but  were  each  stiffened  with  six  strong  feathers.    The  pi*> 


n  of  the  crank  on  the  tcR* 


3  discs  entering  into  the  «""' 
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s  cast  open.  The  bottom  of  it  was  |ths  of  an  inch  thick,  and 
ii  was  stiffened  by  six  feathers  J  of  an  inch  thick  ;  but  the  feather 
conneciing  the  piston*rod  eyes  for  the  reception  of  the  two  piston- 
rods  was  1^  inch  thick,  and  die  metal  round  the  eyes  was  2  inches 
thick.  The  piston  was  closed  by  a  disc  or  cover,  Jihs  of  an  inch 
thick,  secured  by  1  $  bolls,  and  this  coi'er  answered  also  the  purpose 
of  a  junk-ring.  The  piston  packing  consisted  of  a  single  cast-iron 
ring,  3|  inches  broad  and  }  inch  thick,  packed  behind  with  hemp. 
This  ring  was  formed  with  a  tongue-piece,  with  an  indented  plate 
behind  the  cut ;  and  the  cut  was  oblique,  to  prevent  a  ridge  forming 
in  the  cj'linder.  The  (oial  thickness  of  the  piston  was  5J  inches. 
The  piston-rods  were  formed  with  conical  ends  for  titling  into  the 
jHston,  but  were  coned  the  reverse  way  as  in  locomotives,  and 
were  secured  in  the  piston  by  nuts  on  the  ends  of  the  rods,  these 
nuts  being  provided  with  ratchets  to  prevent  them  from  unscrewing 
accidentally. 

Q.  What  species  of  slide-\'alve  was  employed  ? 
ji.  The  ordinary  three-ported  valve,  and  it  was  set  on  the 
upper  side  of  (he  cj'lindcr.  The  cylinder  port^  were  4J  inches 
broad  by  34  laches  long ;  and  to  relieve  the  valve  from  the  great 
friction  due  to  the  pressure  on  so  large  a  surface,  a  balance  piston 
was  placed  over  the  back  of  the  valve,  to  which  it  was  connected 
by  a  strong  link  ;  and  the  upward  pressure  on  this  piston  being 
nearly  the  same  as  the  downward  pressure  on  the  vahe,  it  followed 
that  the  friction  was  evtinguished,  and  the  valve  could  be  moved 
with  great  ease  by  one  hand.  The  balance  piston  was  21  inches 
in  diameter.  In  the  original  consimciion  of  this  balance  piston 
two  (anils  were  committed.  The  passage  communicating  between 
the  condenser  and  the  top  of  the  balance  piston  was  too  small, 
and  the  pins  at  the  ends  of  the  link  connecting  the  valve  and 
balance  piston  were  formed  with  an  inadequate  amount  of  bearing 
surface.  It  followed  from  this  misproportion  that  the  balance 
piston,  being  adjusted  to  lake  off  nearly  the  whole  of  the  pressure, 
lifted  the  vahe  off  the  face  at  the  beginning  of  each  stroke.  For 
the  escape  of  the  steam  into  the  eduction  passage  momentarily 
impaired  the  vacuum  subsisting  there,  and  owing  to  the  smallne^s 
ofthcpassnge  leading  to  the  space  above  the  balance  piston,  the 
vacuum  subsisting  in  that  space  could  not  be  impaired  with  equal 
rapidity.  The  balance  piston,  therefore,  rose  by  the  upward  pres- 
sure  upon  it  momentarily  predominating  over  the  downward 
pressure  on  the  valve  ;  but  this  fault  was  corrected  by  enlarging 
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I  the  communicating  passage  between  the  lop  of  the  b^ance  pisB 

f  and  the  eduction  pipe.     The  smalhiess  of  the  pins  at  the  ends  ol 

the  link  connecting  the  valve  and  balance  piston  caused  the 

surfaces  to  cut  into  one  another,  and  lo  wear  tery  rapidly.    The- 

pins  and  eyes  in  this  situation  should  be  large  in  diameter,  and  a&- 

long  as  they  can  be  got,  as  ihey  are  not  so  easily  lubricated  as  ih&- 

olher  bearings  about  the  engine,  and  are,  moreover,  kept  at  a  higl^k. 

temperature  by  the  steam.     The  balance  piston  was  packed  i^^ 

the  same  way  as  the  main  piston  of  t] 

engine.     Its  cylinder  was  only  a  few  inchl 

Q.  What  was  the  diameter  of  the  pistM 
rod  and  connecting-rod? 

A.  The  piston-rods,  which  were  Imi  \ 
number,  ivere  3  inches  diameter,  and  1 
10  inches  long  over  all.     The  t 
rod  consisted  of  two  rods,  which  were  p 
longations  of  the  bolts  that  connected  ' 
sides   of  the  brass   bushes  which   encii 
the  crank-pin   and  cross-head.    The  1 


Jf^ 


nccting-rod  is  shown  in  perspective  in  fig.  117,    The  rods  « 
posing  it  were  each  aif  inches  in  diameter. 

Q.  Will  you  describe  the  configuration  of  the  cross-head ! 

A.  The  cross-head,  exhibited  in  fig.  118,  was  a  round  pie^'J 
iron  like  a  short  shaft,  with  two  unequal  arms  ke>-ed  upon  '^'^ 
longer  of  which  worked  the  air-pump,  and  the  shorter  the  fc 
pump.     The  piston-rods  entered  these  arms  at  the  points  0^ 
the  larger  holes  arc  shown,  one  of  these  rods  passing  above  I 
the  other  beneath  the  crank-shafi.    The  cross-head  vras  8  inf 
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diameter  where  it  was  embraced  by  the  connecting-rod,  and  7 
inches  diameter  where  the  air-pump  and  feed-pump  amis  were 
fixed  on.  The  ends,  for  a  length  of  12  inches,  were  reduced  to 
3  inches  diameter  where  ihey  fitted  into  round  holes  in  the  guide 
blocks.  Those  blocks  were  of  east  iron  6  inches  deep,  1 1  inches 
wide,  and  1 4  inches  long. 

Q.  Will  you  recapitulate  the  main  particulars  of  the  air-pump  ? 

A.  The  air-pump  was  made  of  brass,  ijj  inches  diameter  and 
43  inches  stroke,  and  [he  mciaJ  of  the  barrel  was  ^'^ths  of  an  inch 
thick.  The  air-pump  bucket  was  a  solid  piston  of  brass,  6^  inches 
deep  at  the  edge,  and  7  inches  -deep  at  the  eye  ;  and  in  the  edge 
three  grooves  were  turned  to  hold  water,  which  answers  the  purpose 
of  packing.  The  inlet  and  outlet  valves  of  the  air-pump  were 
formed  with  brass  plates,  i  inch,  with  strong  feathers  across  them, 
and  in  each  plate  there  were  six  grated  perforations  or  grids 
covered  by  indiarubber  discs,  7  inches  in  diameter-  These  six 
perforations  afibrdcd  collectively  an  area  for  tlie  passage  of  the 
water  equal  to  the  area  of  the  pump.  The  air-pump  rod  was  of 
brass,  2k  inches  diameter. 

<2-  W'hat  were  the  constructive  peculiarities  of  the  discs  and 
crank -pin  ? 

A.  The  discs,  which  were  64  inches  diameter,  were  formed  of 
cast  iron,  2)  inches  thick  in  the  body,  and  5  inches  broad  nt  the 
rim.  The  crank-shaft  was  8J  inches  diameter,  and  the  central 
boss  of  the  disc  which  received  the  shaft  measured  10  inches 
through  the  eye.  The  metal  of  the  eye  was  3  inches  thick.  In 
the  part  of  the  disc  opposite  to  the  crank-pin,  the  web  was  thickened 
to  to  inches  for  nearly  the  whole  semicircle,  with  the  view  ol 
making  that  side  of  the  disc  heavier  than  the  other  side ;  and 
when  ihc  engine  was  slopped,  the  gravitation  of  this  heavy  side 
raided  the  crank-pin  to  the  highest  point  it  could  attain,  whereby 
it  was  placed  in  mid-stroke.  The  crank-pin  was  S^  inches  diameter, 
and  the  length  of  the  bearing  or  rubbing  part  of  it  was  16  inches. 
It  was  secured  at  the  ends  to  the  discs  "by  flanges  18  inches 
diameter  and  2  inches  thick.  These  flanges  were  indented  into 
thickened  parts  of  the  discs,  and  were  each  attached  to  its  corre- 
sponding disc  by  six  bolts  2  inches  diameter,  countersunk  in  the 
back  of  the  disc,  and  tapped  into  the  malleable  iron  flange. 
Besides  this  attachment,  each  end  of  the  pin,  reduced  to  4^  inches 
diameter,  passed  through  a  hole  in  its  corresponding  disc,  and 
the  ends  of  the  pin  were  then  riveted  over.    The  crank-pin  was 
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I  perforated  Ihrough  the  t 
n  diameter,  and  a  perfor 
he  surface  of  the  pin, 
perforated,  and  pipes  * 


re  by  a  sinall  hole  about  J  of  an  indi 
n  proceeded  from  this  central  hole  to 
Each  crank-shaft  bearing  was  simiUrlf 
in  the  discs  connecting  theses 
perforations  together.     The  result  of  this  nrrangemenC  was  that  1^ 
large  part  of  the  oil  or  water  fed  into  the  bearings  of  the  shaft  wa^a 
driven  by  the  cetitrifugnl  action  of  the  discs  to  the  surface  of  ib^M 
crank-pin,  and  in  this  way  the  crank-pin  was  oiled  or  cooled  witl^^ 
water  in  a  very  effectual  manner.     To  intercept  Ihe  water  or  o^^i^ 
which  the  discs  thus  drove  out  by  ihcir  centrifugal  action,  a  lig^^ 


Fig,  iia.-I>oii!.teDl«C™ifc.    Meur^  BmiriK  iDd  Co. 

paddle-bo.<(  or  splash-board  of  thin  sheet-brass  was  made 
the  upper  part  of  each  of  the  discs, 

Q.  What  was  ihe  diameter  of  the  screw-shaft? 

A.  The  screw-shafl  was  7i  inches  diameter,  but  iht  i 
on  each  side  of  the  disc  were  8^  inches  diameter,  and  i6  in 
long.    Between  the  side  of  the  disc  and  the  side  of  the  coo  ' 
bearing  there  was  a  short  neck  extending  4j  inches  ii 
of  the  shaft,  and  hollowed  out  somewhat  to  peniiii  the  p 
the  pislon-rod.    As  already  stated,  one  piston-rod  passed  xi 
«Iialdy  above  the  shaft  on  the  one  side  of  the  discs,  and  tl 


■  Description  of  a  Bahinad  .SVrtTi'  Engine.        363 

piston-rod  passed  immediately  below  tlie  shaft  on  the  other  side 
nf  the  discs.  A  short  piece  of  one  piston-rod  is  shown  in  tig.  1 19- 
Q.  How  was  the  thrust  of  the  screw-shaft  received  f 
A.  The  thrust  of  the  screw-shaft  was  received  upon  7  collars, 
oach  I  inch  thick,  and  with  1  inch  of  projection  above  the  shaft. 
The  plummer  block  for  receiving  the  thrust  of  the  shaft  is  shown 
in  tig.  120,  and  the  coupling  to  enable  the  screw-propeller  to  be 


disconnected  from  the  engine,  so  thai  it  might  revolve  freely  when 
the  vessel  was  under  sail,  is  shown  in  fig.  ui.  When  it  was  te- 
iguired  to  disengage  the  propeller  from  Ihe  engine,  the  pins  passing 
through  the  opposite  eyes,  shown  in  fig.  121,  were  withdrawn  by 
means  of  screws  provided  for  that  purpose,  and  the  propeller  and 
the  engine  were  thenceforth  independent  of  one  another. 


MODERN  COMPOUND  MARINE  ENGINES. 

Q.  Are  modern  compound  marine  engines  generally  of  Ihe 
horiiontal  or  vertical  type? 

A.  They  are  sometimes  horizontal,  and  Messrs.  Penn  have 
made  some  of  their  horizontal  trunk-engines  on  the  compound 
principle  for  war  vessels.  Rul  for  commercial  vessels  compound 
engines  are  almost  invariably  of  the  vertical  type,  with  the  cj-linders 
inverted,  and  for  war  vessels  also  compound  engines  are  now 
largely  constructed  on  the  same  plan, 

0.  Will  you  give  an  example  of  such  engines  embodying  the 
most  recent  improvements  ? 
.  A.  I  will  select  for  this  purpose  ihe  engines  of  the  '  CristofoTti 


3f'4 
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Colombo,'  as  they  have  the  special  feature  of  interest  that  t 
can  be  worked  either  as  ordinary  engines  or  as  compounds.  This 
vessel  is  a  cruiser  of  the  Royal  Italian  Navy.  The  engines  were 
designed  and  constructed  in  1875  by  Messrs.  John  Pcnn  and  Sons 
10  meet  the  wishes  of  the  naval  authorities,  who  desired  to  have 
for  this  vessel  engines  of  limited  weight  which  should  be  able  to 
work  with  great  economy  at  low  powers,  but  should  be  capable  ef 
evening  a  considerably  increased  power  when  required.  The  en- 
gines  are  formed  with  three  cylinders.of  the  unifonn  diameter c^ 
inches  and  with  a  length  of  stroke  of  3  feet  3  inches.  They  can  a' 
4,000  indicated  horse-power  at  full  speed  by  the  direct  adm 
of  steam  direct  from  the  boilers  into  all  three  cylinders,  but,  I 
simple  arrangement  of  stop-valves,  when  half-power  or  1  ~' 

the  steam  is  admitted  direct  into  only  one  cylinder,  which  t 
becomes  a  high-pressure  cylinder,  and  is  thence  dismissed  ii 
other  two  cylinders,  which  act  as  low-pressure  cylinders.  ThccngB 
as  thus  arranged,  becomes  a  three -cylinder  compound  engine  offl 
usual  type.  In  this  i\ay  is  obtained  an  engine  which,  thai 
lighter  than  a  compound  engine  worked  at  full  power,  \a%  all  fl 
economical  advantages  of  a  compound  engine  at  the  modof 
speeds  at  which  vessels  of  war  generally  cruise,  whil 
when  necessary,  at  some  sacrifice  of  economy,  temporarily  lod 
a  \'ery  high  power  and  to  impart  a  very  high  speed.  The  « 
of  the  'Crisioforo  Colombo'  are  shown  in  fig.  122,  from  whkfrl 
general  nature  of  the  arrangement  will  be  readily  comnrehen 

Q.  Of  what  kind  are  the  boilers  ?  

A.  There  are  8  boilers  of  the  ordinary  cylindrical  tjpe,  li  S** 
in  diameter,  supplying  steam  at  60  lbs.  pressure.  The  surfaif 
condenser  is  fi\ed  in  the  wing  of  the  ship,  the  water  being  ciKw 
latcd  by  a  centrifugal  pump  worked  by  a  separate  engine.  Thf 
air-pump,  as  is  the  usual  arrangement  in  vertical  engines,  is  woilf ' 
by  a  lever  moved  by  the  piston-rod.  .'VII  the  c>-linders  are  stw" 
jacketed,  and  have  independent  expansion  gear. 

Q.  Was  this  form  of  engine  found  to  give  satisfactory  ns^ ' 
A.  The  '  Cristoforo  Colombo '  was  so  successful  that  iJie  sin* 
type  of  engine  was  adopted  by  the  Italian  Government  for  sot"' 
other  of  their  ships  of  war,  notably  for  the  two  large  ironel^'i 
'  luilia '  and  '  Lepanlo,'  intended  each  to  exert  18,000  indiciirf 
horses-power.  The  plan  has  also  been  adopted  by  the  Biitu^ 
Admiralty  for  the  ironclads  'Northampton,'  ' Agamcmnoit,' •■■'^  \ 
*AJax,' and  by  the  Spanish  Government  for  several  cruisers.  T 
tJie  lalier  case  the  engiocrs  were  hotixontal  instead  of  venicaL 
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^^H  Q-  ^^''1'  yoi'  E'VB  ^"  example  of  marine  compound  engines  V 

^^1  boilers  as  consiructetl  for  comniercial  purposes  at  the  present  li 
^^1  A.  I  will  describe  the  main  features  of  the  engines  and  boUt 


Modem  Compound  Marine  Engines.  367 

mstructed  by  Messrs.  R.  N.ipier  and  Sons,  of  Gbsgow,  for  the 
'  Parisian,'  one  of  Ihc  sleamers  of  the  Allan  line  between  Liverpool 
and  MontrcaJ.    Although  the  engines  have  three  cyhnders  and 


it  IM.-   ail±Vl™Dfth«Cg«rip™ml  EnsiiiM  rt  (h=  Allnn  T.Ine  Msiini^r  ■PBrUiar.," 
^^  t,.trM  aciial  Luuii  fam.    By  Moui.  K.  Nipisi  ami  Sooi,  GIu&wh.   \>'iaB>  > 
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three  cranks,  they  are  ordinary  compound  engines,  expanding  l! 
steam  in  two  successive  steps  in  the  usual  manner.  The  low-pressure 
cylinder  is,  as  It  were,  cut  in  two.  The  high-pressure  cylinder  is 
60  inches  diameter,  and  each  of  the  low-pressure  cylinders  is  85 
inches  diameter.  The  stroke  of  each  is  5  feet  The  crank. shaft 
is  made  up  of  three  single  throw-cranks,  coupled  together  by  coup- 
lings with  g  bolts  in  each,  and  the  cranks  are  placed  at  i3o°  apait. 
This  shaft  was  made  by  Messrs.  Vickers  entirelyof  steel,  the  body 
of  the  shaft  and  the  crank-pin  being  shrunk  into  the  eyes  ;  in  feci, 
the  crank  is  what  is  commonly  known  as  a  built  ctaok.  For  lar^ 
sizes  and  a  moderate  length  of  stroke,  these  cranks  &rc,  in  ibe 
present  slate  of  the  steel  manufacture,  preferable  to  solid  for; 
although  heavier,  as  the  machinery  for  working  steel  seems  to  | 
scarcely  equal  10  the  production  of  solid  cranks  of  such  dimcBsk 
By  making  the  shaft  in  three  pieces,  each  of  which  is  i] 
able,  one  single  piece  of  crank -shaft  is  quite  sufficient  tO  C 
spare.  The  cylinders  have  all  of  them  separate  working  h 
jeinted  with  a  flange  at  the  bollom,  and  packed  with  ssbfl 
pasteboard  at  the  top,  thus  forming  a  steam-jacket  and  an  c 
sion  joint.  The  pistons  are  of  cast  iron.  The  piston-rods  S 
ateel,  carried  through  slufiing-bo\es  on  the  cylinder  coven,^ 
front  view  of  [he  engines  is  given  in  fig.  1 23. 

Q.  Of  what  kind  are  the  slide-valves? 

A.  The  three  slide-valves  are  each  of  them  piston 
worked  by  ordinary  link  motions,  but  with  the  inlerveAtion  ■ 
bent  lever,  partly  to  change  the  direction  of  the  motion,  ;i 
to  change  the  travel  of  the  valves,  which  from  being  pislon-r; 
are  almost  of  necessity  single-ported.  To  save  space  the  eccenliKs 
are  keyed  on  the  shaft  couplings.  A  back  view  of  the  engines  ii 
^ven  in  fig.  124.  It  is,  perhaps,  needless  to  say  thai  all  the  shiA 
bearings  are  lined  with  while  metal. 

Q,  What  were  the  particulars  of  the  '  Great  Eastern's '  mathi- 

A.  Four  paddle-engines,  each  74  inches  diameter  and  14  ((^ 
stroke,  and  four  screw -engines,  each  84  inches  diameter  and  4  f«' 
stroke.  Four  boilers,  each  17  feet  9  inches  long,  17  feet  6  iochw 
wide,  and  I3feet  9  inches  high,  to  furnish  steam  for  paddle-engine 
and  six  similar  for  screw-engines.  Each  boiler  contained  400  bn^ 
tubes,  3  inches  diameter  and  sj  feet  long,  giving  about  44,000  sqW' 
feet  of  heating  surface.  Pressure  of  steam,  25  lbs.  Each  bwl'' 
wci^ted  ss  tons,  and  held  45  tons  of  water.  Number  of  fumocu.  >"  J 
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*       0.  Of  what  kind  is  the  thru  si -bearing  ? 

A.  The  thrust-shaft  was  forged  by  Messrs.  Vickers  of  steel, 
and  is  of  the  kind  commonly  known  as  a  horse-shoe  thrust,  as  the 
thrust  is  taken  upon  a  number  of  adjustable  pieces  upon  which 
ihe  collars  press.  In  this  variety  the  lower  part  of  the  collar  does 
not  bear,  and  is  free  to  lick  up  the  oil  or  oil  and  water  which  is 
placed  in  the  lower  pan  of  the  cast-iron  trough  beneath  the  bearing. 
Each  of  [he  collars  is  separately  adjustable,  and  any  of  them  could 
even  be  taken  out  while  the  engines  were  at  work.  The  configu- 
ralicn  of  the  parts  of  the  thrust -bearing  will  be  understood  by  a 


reference  to  fig.  125,  where  A  is  the  thrust.jhafl,  B  the  seating  in 
which  it  works,  carrying  the  horse-shoe  pieces,  one  of  which  is 
shown  at  C.  An  ordinary  shaft  plummer  block  is  shown  at  d. 
These  horse-shoes  were  cast  of  steel  and  faced  with  white  metal 
on  the  bearing  surface,  a  zigzag  oil  groove  being  formed  on  the  face 


I   of  ciicli  tu  enable  the  oil  ti 
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Q.  Will  you  nexl  describe  (he  boilers  ? 

j4.  The  boilers,  (our  in  number,  wiih  6  furnaces  in  each,  II 
made  of  iron  for  a  pressure  of  75   lbs,  per  square  inch. 
diameter  of  each  barrel  is  15  feet  4i  inches,  and  the  lenglbj 
17  feet  9  inches.     The  diameter  of  the  furnaces  is  3  feel  9  ii 
inside.    The  grate  surface  is  540  square  feet,  and  the  1: 


"ig.  ii6.-HalfFn>nH 
L>ni  Scn».Heainer 
Sana,  Glugaw. 


oClticfoiu  BoilcnoritH 


surface  15,176  square  feet.  On  trial  the  Indicated  horscs-poat' 
was  fully  6,000,  and  at  sea  the  mean  horse-power  is  very  clow  "" 
S,ooo  regularly. 

(2.  Is  not  this  a  high  average  to  maintain  i 

A.  Ii  is  only  in  a  trade  like  the  North  American  one  Ih»i  M^  , 
a  high  horse-power  can  be  kept  up  throughout  the  voyage.  f4 
this  trade  ihe  machinery  requires  to  be  of  a  very  strong  chan 
and  very  carefully  kept  in  repair.    The  runs  are  short ;  lite  a  '*" 
motive,  the  ship  may  be   said   lo  be  in  the  repairing  shed  (' 


BoiUrs  of  Screxv  Steamer '  Parisian. 
be  kepi  in  a  slate 


neck.  Thus  ihe  machinery  can 
(|iiitc  equal  to  what  it  ivas  when 
fortnatice  with  sea-Roing  work  ii 
thereby  in  crossing  the  Equator, 
power,  instead  of  being  kept  up  to 
ti  scarcely  be  kept  up 


slate  of  efficiency, 
jw.  il  we  compare  this  per- 
long  voyages  of  40  days  or 
■e  shall  find  that  the  itverage 
;ths  of  the  maximum  trial  per- 
)  fihs,  and  ofteoer  only  10  ijrds. 


Q.  Is  not  the  'Alaska'   reckoned  1 
sttamers  upon  the  Atlantic  ? 

A.   She  is  generally  so  regarded. 

Q.  Can  you  give  any  information  to  illustrate  the  cause  of  her 
iiigh  speed  ? 

A.  The  cause  is  not  far  to  seek.     It  is  the  natural  result  of  her 
Ji^at  power. 

Q.   Is  ibctc  anything  peculiar  in  the  plan  of  boiler? 

No ;  the  boilers  are  of  the  type  usual  for  working  compound 
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engines.     But  ihere  are  nine  of  them  ;  they  a.rc  of  steel,  and  a 
a  pressure  of  lOO  lbs.  on  the  square  inch. 

2-  Will  you  describe  the  structure  of  one  of  these  boilers? 

A.  lis  conliguration  is  shown  in  figs.  128  and  119,  wherCiS 
are  the  furnaces  ;  B  D,  the  furnace  bridges  ;  C,  one  of  the  Rinil 
doors ;  u,  tlie  lube-plaic  ;  and  e:  the  uptake  which  conducts  P 


smoke  from  the  furnace  into  the  tubes,  whence  it  asccnils  * 
chimney.  The  furnaces,  it  will  be  observed,  are  corrugated, 
creally  strengthens  ihcm  agninst  collapse,  and  at  llic  s 
obviates  any  considerable  longitudinal  strain  from  unequal  e> 
sioii  caused  by  unequal  heating.  The  boilers  are  each  I 
diameter  and  17  feel  4  inches  long.  The  total  healing  >" 
in  the  nine  boilers  is  3i,coo  square  feet,  and  the  total  grate  hi 
is  12,000  stjuarc  feet. 
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'       Q.   How    many    aclunl     horses -power    should     these     boilers 
generate  ? 

A.  Nearly  12,000  horses-power.  In  modem  marine  boilers 
using  the  steam  expansively  an  actual  horse-power  is  produced 
with  an  allowance  of  3  5i|L.nrc  feet  of  htatinf;  surface  in  the  boiler 
and  z  square  feel  of  couliin;  iurfuce  in  the  condenser. 


I 


Q.  Is  this  the  maximum  perfortnanre  that  is  possible  ? 

A.  By  no  means.  There  is  a  resource  still  practically  unap- 
plied in  sea-goin^  vessels  which  would  greatly  increase  their  power 
— ihe  emploj-ment  of  an  artificial  dratjght  in  the  stoke-hole^  such  as 
has  long  been  used  by  Ericsson  and  others  in  America  and  which 
has  been  successfully  introduced  by  Thomevcrofi  and  others  in  this 
coiinlry  in  the  >-ase  of  torpedo-boats.  Such  a.  system,  however,  is 
equally  applicable  lo  ordinary  sea-going  steamers,  and  must  come 


Engines  of  Screw  Steamer '  Alaska! 


376 


Engines  of  Screw  Steatner  'Alaska.' 


Q.  Are  the  engines  of  the  '  Alaska '  of  the  compound  tj'pe  ? 

A.  Yes,  and  they  are  shown  in  front  elevation  in  fig.  130,  in 
plan  in  131,  and  in  end  elevation  in  132.  The  engines  have  thret 
inverted  cylinders— one  high -pressure  cylinder,  68  inches  diameter 
and  6  feet  stroke  in  the  middle,  and  two  low-pressure  c>-lindeB, 


each  100  inches  diameter  and  6  feet  stroke  at  the  sides,  the  <*^ 
acting  as  one  cylinder.  All  the  slide-valves  are  of  the  equilibii"'" 
piston  description.  The  surface  condensers  are  arranged  10  '"'''' 
part  of  the  engines,  with  two  separate  centrifugal  circulaiinj;  p""'!* 
placed  at  the  back  of  the  engines.  Fig.  130  shows  the  if"" 
cylinders  and  their  connections,  also  the  ihrusl-block  at  iheaf'^ 


Structure  of  tlie  Engines  of  tlu  *  Alaska^  yjj 

end  of  the  engines,  which,  it  will  be  seen,  is  similar  to  that  of 
the  *  Parisian.*  In  this  view  the  forward  low-pressure  cylinder  is 
shown  in  section,  also  one  of  the  piston  slide-valves  and  the  main 
shaft-bearings.  The  end  elevation  shows  the  position  of  the  con- 
denser with  the  air,  feed,  and  bilge-pumps  at  the  back  ;  also  the 
arrangement  of  the  gear  for  working  the  slide-valves.  The  plan 
of  the  engines  shows  the  relative  positions  of  the  cylinders,  the 
piston  slide-valves,  the  air,  feed,  and  bilge-pumps.  The  centrifugal 
circulating  pumps  are  not  shown.  There  are  two  of  them,  each 
worked  by  a  small  enpjine. 

Q.  Will  you  describe  the  position  of  the  different  parts  with  the 
aid  of  letters  of  reference  ? 

A.  The  high-pressure  c>'linder  is  showTi  at  A  and  the  two  low- 
pressure  cylinders  at  B  B.  The  high-pressure  engine  slide-valve  is 
shown  at  C,  and  the  low-pressure  piston  slide-valves  at  D  D.  The 
high -pressure  cylinder  escape-valve  will  be  seen  at  E  on  the  plan, 
and  the  low-pressure  escape-valves  at  F  F.  G  is  the  main  shaft,  H 
the  thrust-bearing,  and  K  the  cranks,  i  represents  the  eccentrics  ; 
M,  the  condenser  ;  N,  the  air-pump  ;  O,  the  feed-pumps  ;  and  close 
thereto  the  bilge-pumps.  The  same  letters  refer  to  the  same  parts 
in  all  the  figures.  The  *  Alaska '  was  built  and  her  engines  and 
boilers  were  constructed  by  Messrs.  John  Elder  and  Co.,  of  Glasgow, 
for  Messrs.  Guion  and  Co.,  of  Liverpool,  to  ply  between  Liverpool 
and  New  York.  The  machiner>'  is  exceptionally  strong,  on  account 
of  the  exceptionally  severe  work  it  has  to  perform. 

Q,  Are  the  engines  and  boilers  used  in  torpedo-boats  similar  to 
those  employed  in  ocean  steamers  ? 

A,  The  engines  are  similar,  though  of  much  smaller  size,  but 
the  boilers  are  more  of  the  locomotive  type.  The  engines  have 
been  brought  to  a  high  degree  of  perfection,  but  there  is  still  trouble 
caused  by  the  boilers,  especially  from  priming  and  from  the  leakage 
of  the  tubes  at  the  ends. 

Q.  Will  you  describe  the  structure  of  the  boiler  of  a  first -class 
torpedo-boat  1 

A,  This  will  be  best  illustrated  by  the  aid  of  a  drawing.  In 
figs.  133  and  134  such  a  boiler  is  shown,  where  A  is  the  furnace  :  B, 
the  bridge  ;  c,  the  tubes  ;  D,  longitudinal  stays  ;  E,  vertical  stays 
from  furnace-crown  to  shell  ;  F,  furnace  door. 

Q,  As  the  engines  are  condensing,  there  can  be  no  blast-pipe 
in  the  chimney,  such  as  exists  in  locomotives.  How,  then,  is  the 
necessary  draught  maintained  ? 
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A.  The  stoke-hole  is  close,  and  ihe  air  necessary  for  combustion 
is  forced  into  it  by  a  fan.  The  pressure  of  air  is  such  as  to  balance 
from  two  to  six  inches  of  water.  The  boiler  is  made  flat  on  the  top 
ti*)  give  more  steam  room,  which  is  rendered  necessary  by  the  steam 
being  taken  away  less  continuously  than  in  a  locomotive.  But  the 
same  end  would  be  gained  by  using  a  large  steam-pipe  to  serve  as 
a  reservoir,  and  by  working  with  the  regulator  very  much  closed. 
A  boiler  of  this  kind  for  a  lirst -class  torpedo-boat  will  weigh  about 
live  tons  empty,  and  the  water  will  weigh  about  two  tons.     The 
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fotal  weight  of  the  machinery  will  be  about  twice  the  weight  of  the 
boiler  and  water. 

Q.  What  are  the  main  proportions  of  this  boiler? 

A.  The  imal  area  of  heating  surface  is  620  square  feet,  of  which 
56  square  feet  are  fire-box  surface.  The  area  of  grate  is  i8'4  square 
feet.  The  barrel  is  4  feet  5  inches  diameter,  and  I3  feet  6  inches 
long.  It  contains  305  tubes,  5  feet  long  and  ij  external  diameter. 
The  working  pressure  is  120  lbs.  per  square  inch. 

Q.  What  were  the  main  facts  of  this  boiler's  performance  with 
dilierent  pressures  of  air  in  stoke-hole  } 
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Performance  of  Torpedo-boat  Boilers. 


A.  The  boiler  was  carefully  tried  under  steam  at  PortsmoutL 
The  results  obtained  are  shown  in  the  following  table  : — 

Boiler  Trials^  First-class  Torpedo  Boat, 


Air-pressure  in  stoke-hole 

,,  ash-pit  .... 

I  ,.  furnace .... 

Temperature,  feed-water 
'  ,,  funnel      .... 

Steam-pressure  (above  atmosphere) 
,  Coal  consumed  per  hour 

,,            per  square  foot  of  fire- 
grate       

Water  evaporated  per  hour  . 
I  ,,  per  lb.  of  coal . 

I  Evaporation  p?r  lb.  of  coal  reduced  to 
'  equivalent  at  212-*  F.  from  100° 

Evaporation  per  hour  in  lbs.  per  square 

foot  of  heating  surface  . 
Coal  used,  Nixon's  Navigation. 

Ashes,  9  per  cent. 
Duration  of  experiment 


aches 

1 
a 

3 

4 

1 

6  ' 

•• 

I '47 

2*29 

3-26 

5-^5' 

•  1 

I  "35 

1-87 

30 

4-33 

Fahr. 

53*5 

57 

54 

56 

•  1 

1.073 

1,192 

1,260 

1.444 

lbs. 

117 

117 

115 

115 

.. 

925 

M77 

1.472 

1.815 

If 

49 

62 

78 

96 

1  » 

6,S30 

7.770 

9.320 

10,840 

1 1 

7-06 

6-6 

633 

5*97  ■ 

• 

7 '61 

708 

6-8i 

6-41 

1 

• 

IO-8 

12-9 

i8*o 

H.    M. 

H.    M. 

H.   M. 

H.  M. . 

• 

2     0 

2       7 

I  39 

I  ^7 

_^ — 

Q.  Will  you  now  describe  the  engines  ? 

A.  The  engines,  which  are  of  the  usual  inverted  compound  type, 
are  shown  in  figs.  135,  136,  and  137;  fig.  135  being  an  end  eleva- 
tion of  the  engines  with  the  high-pressure  cylinder  nearest  the 
spectator,  fig.  1 36  a  vertical  longitudinal  section  of  the  engines,  and 
fig-  ^yj  an  elevation  with  the  low-pressure  cylinder  in  front 

Q.  Will  you  give  some  further  particulars  of  the  vessel  and  the 
engines  .•* 

A.  The  boat  is  87  feet  long,  with  a  breadth  of  beam  of  \o\  feet. 
The  draught  of  water  is  i  foot  6  inches  forward,  and  3  feet  2  inches 
aft,  with  a  displacement  of  32*4  tons.  The  high-pressure  cylinder 
is  12}  inches  diameter,  and  the  low-pressure  20J  inches,  and  the 
stroke  of  both  is  12  inches.  The  cranks  are  at  right  angles,  and 
there  is  an  intermediate  receiver.  The  refrigerating  water  is  sent 
through  the  condenser  tubes  by  a  centrifrugal  pump,  worked  by  * 
separate  engine.  The  slide-valves  have  the  pressure  taken  off  ^ 
being  set  under  bridges,  which  will  lift  if  there  be  undue  internal 
pressure.  The  packing-rings  of  the  pistons  are  of  Perkins'  metal. 
four  in  each  piston  in  separate  grooves.  This  metal  works  without 
lubrication.  Two  feed-pumps  are  worked  by  a  cast-iron  four-thread 
worm  on  the  screw  shaft-gearing  into  a  wheel  of  phosphor  bronze, 
having  cranks  at  the  ends,  to  each  of  which  a  feed-pump  is  attached. 
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The  feed-pumps  are  4  inches  diameter,  with  a  3-inch  stroke.  The 
propeller  is  4  feet  6  inches  diameter,  formed  with  three  blades,  and 
with  a  pitch  of  6  feet.  The  screw  is  in  this  case  set  before  the 
rudder,  but  behind  it  is  a  better  position. 

Q.  Will  you,  by  the  aid  of  letters  of  reference,  specify  the 
ditferent  pans  of  the  engine? 


A.  That  can  be  easily  done.  A  is  the  high-pressure  and  B  '•* 
low-pressure  cylinder;  c  is  the  high-pressure  slide-valve,  Wii 
D  the  low-pressure  slide-valve  ;  C,  crank-shaft  ;  K  K,  cranks  '■  •" 
eccentrics  ;  n,  air-pump ;  and  o,  feed-pump. 

Q.  Have  you  anything  10  suggest  in  regard  to  the  efficacy  » 
these  torpedo-boats? 
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A,  Nothing,  except  in  regard  to  the  boiler,  by  which  trouble 
continues  to  be  given.  There  would  probably  be  less  priming  if 
the  engines  were  to  be  simple  engines  working  expansively  instead 
of  compounds,  as  there  would  thus  be  twice  as  many  deliveries  of 
steam  by  the  boiler  in  the  same  time,  and  by  this  expedient  the 
same  immunity  from  priming  would  be  obtained  that  is  got  in  loco- 
motives, while  the  efficacy  would  be  in  no  way  diminished  in  other 
respects.  Messrs.  Thomeycroft  originally  made  their  fire-boxes  of 
copper  and  their  tubes  of  brass,  but  had  to  introduce  iron  in  conse- 
quence of  the  brass  and  copper  of  the  fire-box  and  tubes  expanding 
more  than  the  iron  of  the  shell,  which  caused  the  tubes  to  start  at 
the  ends.  But  by  corrugating  the  boiler  shell  its  rigidity  would  be 
so  far  reduced  as  to  accommodate  any  inequality  of  expansion,  and 
the  use  of  copper  and  brass,  which  in  conducting  power  are  much 
superior  to  iron,  could  thus  be  resumed.  A  greater  length  of  tube 
could  also  thus  be  employed. 

Q.  With  the  diameter  of  screw  you  have  given,  the  stem-frame 
must  project  below  the  bottom  of  the  boat  if  the  screw  be  wholly 
immerged  1 

A.  Yes,  that  is  the  case,  and  the  whole  screw  works  below  the 
surface.  The  stern-frame  is  forged  of  Bessemer  steel,  with  an 
elliptical  cross-section  to  reduce  its  resistance  to  a  minimum. 

Q.  \Ti  modern  marine  engines  and  boilers  what  is  the  weight 
per  actual  horse-power  } 

^.  In  merchant  vessels  it  is  very  generally  about  480  lbs. 
In  the  nav>'  it  was  a  few  years  ago  about  420  lbs.,  subsequently 
reduced  to  360  lbs.  But  a  very  conside  able  reduction  of  the 
weight  has  quite  recently  been  obtained  by  the  introduction  of  an 
artificial  blast  In  the  *  Polyphemus,'  fitted  with  a  close  stoke-hole 
into  w^hich  the  air  is  driven  by  fans,  the  weight  of  the  machinery 
is  180  lbs.  per  actual  horse-power.  Thomeycroft's  torpedo  boat 
machinery  weighs  just  i  of  this,  or  60  lbs.  per  horse-power.  An 
express  locomotive,  if  cleared  of  wheels,  springs,  buffers,  buffer- 
beams,  and  other  parts  which  do  not  concern  the  power  of  the 
engine  proper,  but  merely  enable  it  to  run  upon  a  railway,  will 
weigh  little,  if  anyihing,  more  than  the  Thomeycroft  engine.  Such 
a  locomotive,  with  18-inch  cylinders,  24  inches  stroke,  and  1,200 
square  feet  of  heating  surface,  will  weigh  about  2 1  tons,  and  with  a 
piston  speed  of  1,000  to  1,200  feet  per  minute  will  exert  about  800 
actual  horses-power.  •  Supposing  that  the  weight  of  machinery 
could  be  still  further  reduced  to  45  lbs.  per  actual  horse-power, 
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which  in  the  case  of  large  engines  appears  probable,  then  45iOOO 
horse-power  of  machinery  could  be  kept  within  a  weight  of  900  tons. 
In  the  case  of  a  vessel  of  the  same  displacement  as  the  *  Iris,' or 
4,200  tons,  it  has  been  reckoned  that  a  speed  of  40  knots  would 
be  obtained  with  45,000  actual  horses-power.  At  this  speed  the 
distance  between  Galway  and  Halifax  could  be  accomplished  in 
42  hours.  Taking  the  coal  consumed  at  2  lbs.  per  actual  horse- 
power per  hour,  the  coal  consumed  on  the  voyage  would  be  1,680 
tons,  and,  making  a  little  allowance  for  a  reserve,  the  coal  required 
to  be  carried  may  be  taken  at  1,900  tons,  the  actual  consumption 
being  about  40  tons  per  hour.  The  machinery  and  coal  would 
therefore  weigh  2,800  tons,  leaving  a  displacement  of  1,400  tons 
for  the  weight  of  the  hull,  stores,  and  provisions.  It  seems  highly 
probable  that  a  service  of  very  light  and  swift  boats  will  be 
organised  for  carrying  mails  and  passengers  across  the  Atlantic, 
and  also  upon  other  important  lines,  and  in  these  vessels  a  prime 
condition  of  success  will  be  to  keep  down  the  weight  In  a  tor- 
pedo-boat 100  feet  long  it  was  found  that  the  speed  fell  off  a 
quarter  of  a  knot  for  each  additional  ton  carried.  The  strain  on 
the  steel  piston-rods,  main  bolts,  &c.,  is  6,000  lbs.  per  square  inch 
of  section,  and  upon  the  steel  plates  of  the  boilers  8,300  lbs.  per 
square  inch  of  section.  With  strict  attention  to  the  quality  of  the 
material,  these  proportions  are  quite  safe.  A  cubic  foot  of  ^"atcr 
is  evaporated  by  the  boiler  per  hour  for  every  three  square  feet  of 
heating  surface.  With  these  proportions  a  good  deal  of  the  heal 
will  go  up  the  chimney,  but  a  ver)'  light  boiler  is  got,  and  this 
is  the  more  important  consideration  in  such  a  case. 


MODERN   LOCOMOTIVES. 

Q.  You  have  already  given  a  general  description  of  the  loco- 
motives brought  together  at  the  Paris  Exhibition  of  1867.  ^^ 
you  now  g^ve  a  more  detailed  and  practical  description  of  a  loco* 
motive  of  about  that  epoch  } 

A,  The  locomotives  referred  to  may  be  taken  as  fairly  rep^^ 
sentative  of  the  bulk  of  the  locomotives  in  use  at  the  present  tifl>c» 
except  that  locomotives  are  now  generally  fitted  to  bum  cott 
though  it  cannot  be  said  that  the  arrangements  employed  for  that 
purpose  are  of  a  very  perfect  character. 

Q.  Will  you  first  describe  the  more  important  details  of  oo< 
particular  engine  as  made    about  that  date,  and  subsequently 
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describe  some  of  the  smoke-burning  arrangements  which  have 
since  been  employed  ? 

A,  I  will  take  for  this  purpose  the  locomotive  *  Snake,'  con- 
structed by  John  V.  Gooch  for  the  London  and  South  Western 
Railway,  as  an  example  of  a  locomotive  of  good  average  construc- 
tion, adapted  for  the  narrow  gauge.  The  length  of  the  wheel  base 
3f  this  engine  is  12  feet  8^  inches.  There  are  two  cylinders,  each 
14^  inches  diameter  and  21  inches  stroke.  The  total  weight  of 
the  engine  is  19  tons ;  and  this  weight  is  so  distributed  on  the 
wheels  as  to  throw  8  tons  on  the  leading  wheels,  6  tons  on  the 
driving  wheels,  and  5  tons  on  the  hind  wheels.  The  engine  is 
made  with  outside  cylinders,  and  the  cylinders  are  raised  some- 
what out  of  the  horizontal  line  to  enable  them  better  to  clear  the 
leading  wheels. 

Q,  What  are  the  dimensions  of  the  boiler  ? 

A,  The  interior  of  the   fire-box  is  3  feet  y\  inches  wide  by 

3  feet  5  J  inches  long,  measuring  in  the  direction  of  the  rails.  The 
area  of  the  fire-grate  is  consequently  12*4  square  feet.  The  bars 
arc  somewhat  lower  on  the  side  next  the  fire-door  than  at  the  side 
next  the  tubes,  and  the  mean  height  of  the  crown  of  the  fire-box 
above  the  bars  is  3  feet  10  inches.  The  top  edge  of  the  fire-door 
is  about  7  inches  lower  than  the  crown  of  the  fire-box.  The  fire- 
box is  divided  transversely  by  a  corrugated  feather  or  bridge  of 
plate-iron,  containing  water,  about  3J  inches  wide,  and  of  about 
i  of  the  height  of  the  fire-box  in  the  centre  of  the  feather,  and 
about  §  the  height  of  the  fire-box  at  the  sides  where  it  joins  the 
sides  of  the  fire-box.  The  internal  shell  of  the  fire-box  tapers 
somewhat  upwards  to  facilitate  the  disengagement  of  the  steam. 
It  is  about  2  inches  narrower  at  the  top  than  at  the  bottom  and 
shorter ;  the  water  space  between  the  external  and  internal  shell 
of  the  fire-box  being  2  inches  at  the  bottom  and  3  inches  at  the  top, 

Q,  Of  what  material  is  the  fire-box  composed  ? 

A.  The  external  shell  of  the  fire-box  is  formed  of  iron  plates 
iths  of  an  inch  thick,  and  the  internal  shell  is  formed  of  copper 
plates  i  inch  thick,  but  the  tube-plate  is  J  inch  thick.  The  fire- 
grate is  rectangular,  and  the  internal  and  external  shells  are  tied 
U>gcthcr  by  iron  stay-bolts  J  inch  diameter,  and  pitched  about 

4  inches  apart.  The  roof  of  the  fire-box  is  stiffened  by  six  strong 
"ars  extending  from  side  to  side  of  the  fire-box  like  beams,  and 
^c  top  of  the  fire-box  is  secured  to  these  bars,  so  that  it  cannot 
^  forced  down  without  breaking  or  bending  them. 
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Q,  What  are  the  dimensions  of  the  barrel  of  the  boiler  ? 

A.  The  barrel  of  the  boiler  is  3  feet  7J  inches  in  diameter,  and 
10  feet  long.     It  is  formed  of  iron  plates  fths  of  an  inch  thick, 
riveted  together.     It  is  furnished  with  181  brass  tubes,  ij  inch 
diameter  and  10  feet  long,  secured  at  the  ends  by  ferrules.    The 
tube-plate  at  the  smoke-box  end  is  |ths  of  an  inch  thick,  and  the 
tube-plates   above  the  tubes  are  tied  together  by  8   iron   rods 
Jths  of  an  inch  thick,  extending  from  end  to  end  of  the  boiler. 
The  metal  of  the  tubes  is  somewhat  thicker  at  the  end  next  the 
fire,  being  13  wire  gauge  at  fire-box  end,  and  14  wire  gauge  at 
smoke-box  end.    The  rivets  of  the  boiler  are  }  inch  diameter  and 
I J  inch  pitch.    The  plating  of  the  ash-pan  is  ^ths  of  an  inch 
thick,  and  the  plating  of  the  smoke-box  is  j^ths  of  an  inch  thick. 

Q.  Will  you  describe  the  structure  of  the  framework  on  which 
the  boiler  and  its  attachments  lest,  and  in  which  the  wheels  are 
set.^ 

A.  The  framework  or  framing  consists  of  a  rectangular  struc- 
ture of  plate-iron  circumscribing  the  boiler,  with  projecting  lugs 
or  arms  for  the  reception  of  the  axles  of  the  wheels.  In  this 
engine  the  sides  of  the  rectangle  are  double,  or,  as  far  as  regards 
the  sides,  there  are  virtually  two  framings,  one  for  the  leception 
of  the  driving  axles,  and  the  other  for  the  reception  of  the  axles 
not  connected  with  the  engine.  The  whole  of  the  parts  of  the 
outer  and  inner  framings  are  connected  together  by  knees  at  the 
comers,  and  the  double  sides  are  elsewhere  connected  by  inter- 
vening brackets  and  stays,  so  as  to  constitute  the  whole  into  one 
rijjid  structure.  The  whole  of  the  plating  of  the  inside  frame  is 
J  inch  thick  and  9  inches  deep.  The  plating  of  the  outside 
frame  is  of  the  same  thickness  and  depth  at  the  fore  part,  until 
it  reaches  abaft  the  position  of  the  cylinders  and  guides,  where 
it  reduces  to  J  inch  thick.  The  axle-guard  of  the  leading  wheels 
is  formed  of  J  plate  bolted  to  the  frame  with  angle-iron  guides. 
The  axle-guards  of  the  trailing  wheels  are  formed  of  two  J-inch 
plates,  with  cast-iron  blocks  between  them  to  serve  as  guides. 
The  ends  of  the  rectangular  frame  are  formed  of  plates  }  inch  thicfc 
and  at  the  front  end  there  is  a  buffer-beam  of  oak,  4|  inches  thict 
and  1 5  inches  deep.  The  draw-bolt  is  2  inches  diameter.  There 
are  two  strong  stays  on  each  side,  joining  the  barrel  of  the  boil^ 
to  the  inside  framing,  and  one  angle-iron  on  each  side,  joining  the 
bottom  of  the  smoke-box  to  the  inside  framing. 

Q.  Of  what  construction  are  the  wheels  ? 
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A.  The  wheels  and  axles  are  of  wrought-iron,  and  the  tires  of 
the  wheels  are  of  steel.  The  driving  wheels  are  6  feet  6J  inches 
in  diameter,  and  the  diameter  of  crank-pin  is  3^  inches.  The 
diameter  of  the  smaller  wheels  is  48J  inches.  The  axle-boxes  are 
of  cast-iron  with  bushes  of  Fenton's  metal,  and  the  leading  axle 
has  four  bearings.  The  springs  are  formed  of  steel  plates,  3  feet 
long,  4  inches  broad,  and  \  inch  thick.  The  axle  of  the  driving 
wheel  has  two  eccentrics,  forged  solid  upon  it,  for  working  the 
pumps. 

Q.  Will  you  specify  the  dimensions  of  the  principal  parts  of 
the  engine  } 

A.  Each  of  the  cylinders,  which  is  14J  inches  diameter,  has 
the  valve-casing  cast   upon  it.     The  steam-ports  are   13  inches 
long  and  \\  inches  broad,  and  the  exhaust-port  is  2^  inches  broad. 
The  travel  of  the  valve  is  4J  inches,  the  lap  i  inch,  and  the  lead 
\  inch.     The  piston  is  4  inches  thick  :  its  body  is  formed  of  brass 
with  a  cover  of  cast-iron,  and  between  the  body  and  the  cover  two 
flanges,  forged  on  the  piston-rod,  are  introduced  to  communicate 
the  push  and  pull  of  the  piston  to  the  rod.     The  piston-rod  is  of 
iron,  2|^  inches  diameter.     The  guide-bars  for  guiding  the  top  of 
the  piston-rod  are  of  steel,  4  inches  broad,  fixed  to  rib-iron  bearers, 
with  hard  wood,  \  of  an  inch  thick,  interposed.     The  connecting- 
rod  is  6  feet  long  between  the  centres,  and  is  fitted  with  bushes  of 
white   metal.     The  eccentrics   are  formed  of  wrought  iron,  and 
have  4j^  inches  of  throw.     The  link  of  the  link  motion  is  formed 
of  wrought  iron.     It  is  hung  by  a  link  from  a  pin  attached  to  the 
framing ;  and  instead  of  being  susceptible  of  upward  and  down- 
ward motion,  a  rod  connecting  the  valve-rod  with  the  movable 
block  in  the  link  is  susceptible  of  this  motion,  whereby  the  same 
result  is  arrived  at  as  if  the  link  were  moved  and  the  block  was 
stationary.     One  or  the  other  expedient  is  preferable,  according 
to  the  general  nature  of  the  arrangements  adopted.     The  slide-- 
valve is  of  brass,  and  the  regulator  consists  of  two  brass  slide- 
valves  worked  over  ports  in  a  chest  in  the  steam-pipe,  set  in  the 
Smoke-box.     The  steam-pipe  is  of  brass,  No.  14  wire  gauge,  per- 
forated within   the   boiler  barrel  with  holes  y^th  of  an  inch   in 
diameter  along  its  upper  side.     The  blast-pipe,  which  is  of  copper, 
has  an  orifice  of  4I  inches  diameter.     There  is  a  damper,  formed 
Hke  a  Venetian  blind,  with  the  plates  running  athwartships  at  the 
^Tid  of  the  tubes. 

Q,  Of  what  construction  is  the  safety-valve  ? 
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A.  There  are  two  safety-valves,  consisting  of  pistons  i^^  ^ 
diameter,  and  which  are  kept  down  by  spiral  springs  plai 

i        immediately  over  chem.    A  section  of  this  valve 
tn^"^"  in  fig-  '38- 
p.   I  Q.  What  are  the  dimensions  of  the  feed-pumpsi 

y  \  A.  The  feed-pumps  are  of  brass,  with  plung 

I    ^  4  inthes  diameter  and  3}  inches  stroke.     The  fti 

pipe  is  of  copper,  2  inches  diameter.  A  good  ded 
trouble  has  been  experienced  in  locomotives  from) 
defective  action  of  the  feed-pump,  partly  caused 
ihc  leakage  of  steam  into  the  pumps,  which  prevail 
the  water  from  entering  them,  and  partly  &om  t 
reiurn  of  a  large  pan  of  the  wa.ter  through  the  vail 
^11  the  return  stroke  of  the  pump,  in  consequence 
the  valve  lifting  too  high.  The  pet-cock — a  sui 
_  cock  communicating  with  the  interior  of  the 

t^^  .  will  allow  any  steam  to  escape  which  gains  admissi 
II  [  t  r  and  the  air  which  enters  by  the  cock  when  open  O 
down  the  barrel  of  the  pump,  so  that  in  a  short  C 
it  will  be  in  a  condition  to  draw.  The  most  oniin 
species  of  valve  in  the  feed-pumps  of  locomolivesia 
ball -valve,  represented  in  figs.  98  and  99,  in  which 
lift  is  much  less  than  was  at  one  lime  usual.  Kig.  9? 
is  a  section  of  a  feed-pump,  showing  the  ball-v»l't! 
t^'yalvt   By  and  plunger. 

Goocli.  Notwithstanding  the  excellent  performance  of  l'" 

best  examples  of  locomotive  engines,  it  is  quite  certain  that  there  ij 
still  much  room  for  improvement ;  and  indeed  various  sources  "i 
economy  are  at  present  visible,  which,  if  properly  developed,  "wJ'^ 
materially  reduce  the  eKpense  of  the  locomotive  power.    In  j" 
engines  the  great  source  of  expense  is  the  fuel ;  and  although  '^' 
consumption  of  fuel  has  been  greatly  reduced  within  the  last  ih"!' 
years,  it  is  capable  of  being  still  fiulhcr  reduced  by  certain  en? 
expedients  of  improvement,  which  therefore  it  is  impotiant  shod* 
be  universally  applied     One  of  these  expedients  which  has 
been  widely  adopted  consists  in  heating  the  feed-water  by 
waste   steam  ;  and  the   feed-water   should  in  every  1 
into  the  boiler  boiling  hot.    The  ports  of  the  cylinders  shotild 
as  large  as  possible  ;  the  expansion  of  the  steam  should  be 
to  a  greater  extent  ;  and   in   the  case  of  engines  with 
cylinders,  and  indeed  in  all  locomotives,  a  little  ait  should  be  lot 
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into  the  boiler  to  mix  with  the  steam.  The  escape  of  heat  from 
the  boiler  should  be  more  carefully  prevented.  The  engine  is  now 
always  balanced  by  weights  on  the  wheels,  to  obviate  a  waste  of 
power  by  yawing  on  the  rails.  A  most  important  expedient  of 
economy  lies  in  the  establishment  of  a  system  of  registering  the 
performance  of  all  new  engines,  in  order  that  competition  may 
stimulate  the  different  constructors  to  the  attainment  of  the  best 
possible  result ;  and  under  the  stimulus  of  comparison  and  notoriety, 
a  large  measure  of  improvement  would  speedily  ensue.  The 
benefits  consequent  on  public  competition  are  abundantly  illus- 
trated by  the  rapid  diminution  of  the  consumption  of  fuel  in  the 
case  of  agricultural  engines,  when  this  stimulus  is  presented.  The 
particulars  of  the  performance  of  these  engines  are  detailed  in 
the  following  chapter.  It  is  quite  indispensable  that  pressures  of 
from  200  to  250  lbs.  should  be  employed  in  locomotives,  and  it 
is  material  that  as  much  work  as  possible  should  be  got  out 
of  every  engine,  and  that  little  time  should  be  consumed  in 
repairs. 

Q.  Will  you  describe  the  contemporaneous  engine  of  the 
London  and  North  Western  Railway  1 

A.  This  engine  is  represented  in  fig.  139,  where  A  is  the 
safety-valves  ;  B,  the  fire-box ;  c,  the  tubes ;  D,  the  driving  axle  ; 
E,  the  link  motion  ;  F,  the  valve  spindle  ;  G,  balance -weight  of 
link  motion ;  H,  cylinder ;  j,  buffer-beam.  The  following  are 
the  principal  dimensions : — Diameter  of  cylinder,  16  inches  ; 
stroke,  24  inches ;  driving  wheels,  7  feet  6  inches  diameter ; 
leading  and  trailing  wheels,  3  feet  6  inches  diameter ;  weight  on 
leading  wheels,  9  tons  8  cwt. ;  weight  on  trailing  wheels,  6  tons 
2  cwt. ;  weight  on  driving  wheels,  10  tons  10  cwt. — total  weight, 
27  tons ;  heating  surface  of  fire-box,  85  square  feet ;  heating 
surface  of  192  tubes,  i  J  inch  external  diameter  and  10  feet  9  inches 
long,  915  square  feet  (internal) ;  total  heating  surface,  1,000  square 
feet.  The  distance  of  the  leading  from  the  driving  wheels  is  7  feet 
7  inches,  and  the  distance  of  the  trailing  from  the  driving  wheels  is 
7 feet  I o  inches— making  the  length  of  the  wheel  base  15  feet  5  inches. 
The  tender  carries  2  tons  of  coal  and  1,500  gallons  of  water,  and 
its  weight  laden  is  17  tons  8^  cwt.  It  runs  on  six  wheels  of  3  feet 
6' inches  diameter.  This  form  of  express  engine,  designed  by  Mr. 
Hamsbottom,  may  be  taken  as  representing  the  most  approved 
form  of  construction  in  that  class  of  locomotives  in  1865.  The 
Arrangements  are  characterised  by  much  simplicity  and  elegance  ; 
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their  nature  is  made  so  clear  by  the  drawing  thai  it  is  unneces- 
y  further  to  describe  them. 

Q.  Will  you  now  describe  some  of  the  arrangements  for  enabling 
.1  to  be  burnt  instead  of  coke  P 

A.  One  of  the  earliest  and  best  arrangements  is  that  known 
rembrinck's,  represented  in  fig,  140,  which  shows  the  fire-box  of 
;  of  the  locomotives  employed  on  the  Paris  and  Orleans  Railway. 
[  in  which  Tcmbrinck's  system  of  burning  the  smoke  was  many 


jj  since  introduced,  a  is  the  fire-box  in  which  the  fire  is 
ced,  resting  on  the  fire-bars  B,  and  these  bars  are  made  taper, 
as  to  have  a  narrower  air  space  near  the  furnace  mouth  than 
ther  in  ;  C  is  a  set  of  subsidiar>'  bars  set  in  a  frame,  which  may 
opened  to  drop  the  tire  or  to  let  the  clinkers  out ;  D  is  a  u'alcr 
ce  running  obliquely  across  the  furnace  nearly  parallel  to  the 
»  ;  E  is  a  mouthpiece  to  receive  the  coal  which  is  there  roasted 
the  radiant  heal  from  ihc  fiie  ;  and  the  expelled  gas  is  burned 
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by  coming  into  contact  with  the  flame  from  the  fire  after  being 
mixed  with  the  air,  which  enters  through  the  air-valve  at  F,  which 
is  regulated  by  the  handle  G  ;  H  is  one  of  the  doors  opening  into 
the  fire-box.  It  is  stated  that  in  these  engines  the  evaporation  wth 
coal  is  about  the  same  as  with  an  equal  weight  of  coke,  and  that  the 
expense  of  the  fuel  is  only  half  as  great  as  when  coke  is  emplo)'ed. 

Q.  What  other  smoke-burning  arrangements  are  there  ? 

A,  They  are  too  numerous  to  specify.  But  there  is  very  little 
originality  in  any  of  them,  the  arrangements  employed  having 
with  little  difference  been  already  tried  in  stationary  boilers,  and 
having  fallen  into  disuse  from  their  imperfect  performance. 
Cudworth's  smoke-burning  locomotive  is  shown  in  fig.  141.  The 
fire-box  is  made  very  long,  and  is  carried  back  over  the  hind  axle; 
the  fire-grate  is  inclined  towards  the  tube-plate,  and  at  the  lo«er 
end  it  is  furnished  with  a  trap-door,  through  which  the  clinkers 
and  ashes  are  discharged  and  the  fire  is  dropped.  The  fire-door 
is  perforated  ;  and  air  is  admitted  through  it  when  necessary.  A 
thin  fire  is  kept  on  the  grate.  The  fresh  fuel  is  supplied  at  the 
upper  end  only,  and  it  gradually  descends  during  combustion,  so 
that  there  is  only  a  bright,  clear  fire  at  the  lower  end.  The  gases 
evolved  from  the  fresh  fuel,  mixed  with  air  passing  through  the 
grate  and  door,  are  sufficiently  heated  in  their  way  to  the  tubes  to 
inflame,  and  hence  less  smoke  is  made.  It  is  one  of  the  advan- 
tages of  this  engine  that,  owing  to  the  fire-box  projecting  over  the 
hind  axle,  the  weight  on  the  coupled  wheels  is  increased  and 
equalised.  In  fact,  the  weight  of  the  engine  is  equally  distributed 
over  all  the  wheels. 

Q,  The  principle  of  this  smoke-burning  arrangement  is,  in  fact, 
the  principle  of  the  dead-plate  introduced  by  Watt  into  his  boilers 
in  the  last  century  ? 

A.  Yes,  and  for  stationary  boilers  where  combustion  does  not 
require  to  be  hurried  it  answers  very  well.  But  it  does  not  appear 
to  be  the  proper  principle  for  locomotives.  The  principle  of  the 
blast  furnace  would,  it  seems  to  me,  be  much  more  appropriate. 

Q.  Have  any  attempts  been  made  to  introduce  the  compound 
system  into  the  locomotive  engine  1 

A.  Yes,  but  so  far  no  ver>'  conspicuous  "benefit  has  resulted- 
The  benefits  of  the  compound  system,  even  in  land  and  marine 
engines,  have  been  greatly  over-rated,  as  the  economy  derivable 
from  the  use  of  high-pressure  steam  worked  expansively  has  been 
erroneously  imputed  to  some  inscrutable  virtue  of  the  compound 
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system  ;  whereas  there  is  no  reason  to  doubt  that  the  same  steam, 
used  with  the  same  measure  of  expansion  in  simple  engines,  would 
have  been  equally  economical  and  effective.  In  locomotives  any 
avoidable  complication  is  an  evil,  and,  as  has  been  found  in  torpedo- 
boats,  the  boilers  of  compound  engines  are  more  liable  to  prime 
than  the  boilers  of  non-compound  engines. 

Q.  Will  you  give  an  example  of  a  compound  locomotive.' 

A.  I  will   select   for  this   purpose   the  compound   locomotive 
designed  by  Mr.  Webb  for  the  London  and  North  Western  Railway, 
and  which  is  represented  in  figs.  142  to  147.   a,  is  the  fire-box ;  bl>, 
the  tubes  ;  r,  the  smoke-box  ;  d^  the  regulator ;  e  e^  the  high-pres- 
sure cylinders  ;  andy^  the  low-pressure  cylinder.    It  will  be  seen  that 
there  is  a  high -pressure  cylinder  on  each  side,  in  the  usual  position 
of  outside  cylinders,  and  a  low-pressure  cylinder  in  the  centre, 
which  receives  its  steam  from  the  high-pressure  cylinders,  and 
which  dismisses  the  steam  finally  into  the  chimney.     The  steam- 
dome  of  the  boiler  is  shown  at  A,  and  the  steam  is  conducted 
thence  through  two  3-inch  copper  pipes,  B,  to  the  two  high-pressure 
cylinders.    The  steam  educted  by  the  high-pressure  cylinders  isle<^ 
through  two  4-inch  copper  pipes,  C,  into  the  low  pressure  cylinder, 
whence  it  finally  escapes  into  the  chimney.   There  is  a  safety-valve, 
D,  on  the  cover  of  the  low-pressure  slide,  loaded  to  75  lbs.  per 
square  inch.     The  valve  gear  is  that  known  as  Joy's,  the  chief 
peculiarity  of  which  is  that  it  derives  the  motion  for  working  the 
valves  from  the  connecting-rods   instead  of  from  eccentrics— an 
arrangement  similar  to  that  employed  by  Melling,  Hawthorn,  and 
others  more  than  40  years  ago.     The  axle  driven  by  the  high- 
pressure  engines,  it  will  be  observed,  has  no  direct  connection  with 
that  driven  by  the  low-pressure  cylinder,  and  it  is  alleged  in  favour 
of  this  arrangement  that  it  gives  a  power  of  adapting  itself  tn 
curves,  such  as  would  not  otherwise  be  possessed.     That  po*^^* 
however,  would  be  greater  if  in  an  ordinary  locomotive  the  t«o 
driving  wheels  on  one  side  were  to  be  driven  by  one  engine,  and 
the  other  two  driving  wheels  by  the  other  engine. 

Q.  Do  you  expect  that  locomotives  of  this  type  will  come  int'^ 
general  use  } 

A.  I  do  not.  They  are  too  complicated,  and  attain  no  rcsu!^ 
that  may  not  be  equally  attained  by  simpler  means.  OrdinaO 
engines  made  with  a  good  long  stroke,  steam-jacketed  cylinders 
and  with  steam  of  a  high  pressure  worked  expansively  would  ^ 
equally  economical  in  fuel  and  much  simpler  in  construction. 
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Q.  What  are  the  sizes  of  the  cylinders  of  the  latest  engines 
made  upon  this  plan  ? 

A.  The  two  high-pressure  cylinders  are  each  of  13  inches 
diameter,  and  the  low-pressure  engine  is  26  inches  diameter.  The 
stroke  of  each  is  24  inches.  The  diameter  of  the  blast-pipe  is  4J 
inches. 

Q.  And  what  of  the  boiler  ? 

A.  The  length  of  the  barrel  is  9  feet  10  inches,  and  its  mean 
diameter  4  feet  i^  inches.  The  length  of  grate  is  4  feet  loi 
inches,  and  its  breath  3  feet  5  J  inches.  There  are  198  tubes,  10  feet 
I  inch  long  and  i|ths  external  diameter.  Heating  surface  of  tubes, 
980  square  feet ;  heating  surface  of  fire-box,  103*5  square  feet;  total 
heating  surface,  1,083*5  square  feet ;  ratio  of  heating  surface  to  grate 
area,  63-35  ^o  i-     Weight  empty,  34*75  tons. 

Q.  You  have  stated  that  in  Ramsbottom's  locomotive  of  1865 
the  heating  surface  was  1,000  square  feet  and  the  weight  27  tons, 
whereas  it  appears  that  in  Webb^s  compound  the  heating  surface  is 
1,083  square  feet,  and  the  weight  34 J  tons.  W^ill  the  cost  var}' 
nearly  as  the  weight  ? 

A.  It  will.  The  effective  power  of  the  compound  locomotive 
with  the  same  pressure  of  steam  will  be  about  the  same  as  that  of 
the  simple  locomotive,  while  its  weight,  cost,  and  complication 
will  be  greater.  Inside  cylinders  made  as  large  as  will  go  within 
the  frames,  jacketed,  and  with  a  good  long  stroke,  the  steam  being 
of  a  very  high  pressure  and  worked  very  expansively,  is  the  most 
promising  combination  that  can  be  at  present  discerned. 
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CHAPTER   IX. 

ON   VARIOUS  FORAfS  AND  APPLICATIONS  OF   THE 

STEAM  ENGINE, 

PORTABLE  AGRICULTURAL  ENGINES. 

Q,  Having  now  described  the  more  important  forms  of  the  steam 
iginc,  as  employed  in  pumping  water,  in  driving  mills,  and  in 
complishing  locomotion,  will  you  proceed  to  describe  some  of 
»  most  approved  forms  as  applied  to  miscellaneous  uses  in  the 
ts? 

A.  The  purposes  for  which  the  steam  engine  is  employed  in 
ic  arts  are  of  infinite  variety.  It  has  long  been  employed  in 
imping  and  in  giving  motion  to  the  machiner>'  of  cotton,  flax, 
oollen,  com,  and  other  mills.  More  recently,  however,  it  has 
Hind  a  new  application  in  aiding  the  operations  of  agriculture, 
nd  a  new  class  of  engines  has  been  called  into  existence  to  meet 
>is  demand.  These  engines  are,  as  a  general  rule,  simple  in  con- 
-niciion,  very  compact,  and  so  contrived  as  not  to  be  liable  to 
crangement,  even  in  the  hands  of  unskilful  persons.  These  agri- 
^tiiral  engines  are  divisible  into  three  main  classes— portable 
*^nes  set  on  wheels  somewhat  in  the  manner  of  a  locomotive, 
'^  which  may  be  drawn  by  horses  from  place  to  place  ;  semi- 
'^able,  resembling  the  others  but  not  set  on  wheels  ;  and  fixed 
?ines,  which  are  set  up  on  a  brick,  stone,  or  wooden  foundation, 
'^fe  there  is  constant  work  to  do.  Many  of  the  fixed  engines 
-  good  examples  of  the  kind  of  engine  suitable  for  driving  manu- 
^Ories.  A  description  of  this  class  of  engine  having  been  already 
^ti,  it  will  not  be  necessary  to  dwell  longer  on  that  subject. 
Q.  Will  you  describe  the  main  features  of  the  portable  engine  } 
'^.  The  portable  agricultural  engines  of  the  principal  makers 
^hat  species  of  engine  are,  in  all  their  main  features,  similar  to 
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one  another.  They  all  consist  of  a  boiler  with  an  internal  fire-box, 
and  horizontal  tubes  resembling  very  much  a  locomotive  boiler, 
and  on  the  top  of  the  boiler  a  cylinder  is  fixed  with  the  connecting- 
rod  attached  to  the  end  of  the  piston-rod,  as  in  a  locomotive^  and 
the  connecting-rod  turns  the  crank  of  a  shaft  extending  across  the 
top  of  the  boiler,  on  which  shaft-pulleys  are  placed  to  communicate 
the  motion  of  the  engine  by  means  of  belts  to  any  mechanism 
which  requires  to  be  driven.  In  the  subordinate  features  of  each 
engine,  however,  there  are  differences  which  render  any  one  engine 
more  or  less  eligible  than  the  rest  The  increasing  power  of  agri- 
cultural engines  has  induced  Messrs.  Ransomes  and  Co.  to 
employ  for  the  larger  powers  a  form  of  combined  engine,  consist- 
ing of  two  engines  placed  side  by  side,  with  the  cranks  at  right 
angles,  as  in  locomotives.  An  example  of  this  form  of  engine  is 
given  in  fig.  148. 

g.  What  are  the  distinctive  features  of  these  engines  ? 

A.  The  engines  are  mounted  upon  the  top  of  the  boiler,  and  arc 
in  all  their  parts  of  the  simplest  character.  The  various  details  have 
been  matured  by  the  fruits  of  a  long  experience  under  all  kinds  of 
management  in  every  quarter  of  the  world.  The  fly-wheels  arc  accu- 
rately balanced  ;  the  cylinders  are  tied  to  the  crank-shaft  brackets 
by  connecting  tie-bolts,  which  take  the  strain  off  the  bolts  connect- 
ing the  brackets  with  the  boiler.  The  fore-axle  is  connected  to  the 
boiler  by  means  of  a  hemispherical  locking-gear,  which  allows  of 
the  boiler  always  resting  upon  three  points. 

Q.  How  upon  three  points  ? 

A,  The  two  large  wheels  where  they  touch  the  ground  con- 
stitute two  of  the  points,  and  the  centre  of  the  swivelling  axle  on 
which  the  boiler  rests  is  the  third  point.  Any  object  which  is 
supported  on  three  points  rests  firmly  upon  any  surface  however 
undulating.  But  if  it  has  more  than  three  points  to  rest  upon  it 
may  rock. 

Q.  Is  this  law  of  universal  application  ? 

A,  It  is.  A  piece  of  iron  in  the  planing  machine  if  wanted  to 
be  true  when  rested  on  any  other  surface,  should  rest  upon  three 
points  on  the  table  of  the  machine,  and  the  catches  which  hold  it 
on  the  table  should  be  relaxed  for  the  last  cut,  which  should  be  a 
very  light  one.  Whit  worth's  face-plates  are  hung  or  supported 
upon  three  points,  and  it  would  have  been  impossible  to  get  a  fer- 
fectly  true  plane  upon  any  other  conditions.  Ransome's  arranj,e- 
mtni  is  therefore  correct. 
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(J.  Will  you  describe  the  portable  agricultural 
engines  of  Messrs.  Claylon  and  S  but  tic  worth? 

A.  These  engines  are  represented  by  figs.  149 
and  150,  The  efforts  of  Messrs.  Claylon  and 
Shutlleworth  to  simplify  and  perfect  this  species 
of  engine  have  had  a  very  poHcrful  operation  in 
inducing  its  extended  adoption  by  farmers  and 
contractors ;  and  yreal  numbers  of  portable  engines 
of  similar  configuration  are  now  constructed  by  the 
manufacturers  of  agrlcultund  engines.  Messrs. 
Clayton  and  Shuttleworth  state,  that  the  clumsy 
and  dangerous  boilers  put  into  the  hands  of  fanners 
up  to  1845  at  that  time  attracted  their  attention, 
from  the  number  of  accidents  arising  in  conse- 
quence of  such  defects ;  and  the  machinery  was 
idtogether  so  pfcc.irious  that  it  «as  unsafe  for  any 
but  an  experienced    nian   to  be    trusted  with  its 
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■Pase  m  their  efficiency,  owing  to  improvements  from  < 
ttB  introduced.     Since  1855  ihe  consumption  has  been  still  fur- 
'er  reduced.     Some  pwrlable  engines  have  worked  wiih-2)  llts. 
^  coal  per  actual  horse-po»cr,  and  even  considerably  less  than 
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Duty  of  Clayton^  Shuttleworth^  and  Co.^s  Engines^  at  the 
Experiments  tried  before  the  Judges  of  the  Royal  Agricultural 
Society  of  England^  up  to  1855. 


!  Time  getting  up  .Coal  used  in  gct- 
Horscs-power     steam  to  45 lbs.  '  ting  up  steam  to 


H.P.  Engine. 

5 

7 

9 

7 
6 

6 

4 

4 
6 

8 


per  inch 

Minutes 
44 
45 
37 
43 
32 

3»i 

41 

47 

39 

34 


45  lbs.  per  inch 


Coal  burnt  per  Horse* 
power  per  Hour  while 
doing  the  work  of  one 
actual  Horse -power 


lbs. 
32*25 

3775 
41*25 

36*5 
35*4 

2i*75 

29*5 
1775 


lbs. 

II -8 

1078 

11-66 

7*77 
8-63 

6*o 

840 

4-32 

5*19 

4*05 


In  one  of  these  figures  the  cylinder  is  represented  as  being  sot 
at  the  fire-box  end  of  the  boiler,  but  in  more  recent  examples  «•' 
their  engines  it  is  set  in  the  smoke-box  at  the  foot  of  the  chimney. 
The  cylinder  is  surrounded  by  a  steam-jacket,  which  is  kept  at  the 
temperature  of  400°  by  the  escaping  smoke. 

Q,  For  what  purposes  about  a  farm  are  steam  engines  princi- 
pally used  ? 

A.  For  thrashing  com,  pumping  water,  sawing  timber,  bruising 
oats  or  beans,  chopping  up  hay,  and  a  number  of  other  simil^'^ 
purposes.  Sometimes  the  waste  steam  is  made  use  of  to  cook  the 
food  of  cattle,  and  to  heat  drying  lofts.  Engines  of  some  of  the 
classes  described  are  much  used  by  contractors  for  pumping  water, 
mixing  mortar,  moulding  bricks,  hoisting  stones,  and  perfonning 
other  laborious  tasks,  for  which  a  considerable  amount  of  power  is 
required. 

Q.  Has  it  been  used  for  ploughing  1 

A,  Yes  ;  one  of  the  most  important  applications  of  the  portable 
engine  in  agriculture  is  to  the  work  of  steam  ploughing,  for  which 
each  principal  manufacturer  has  some  special  arrangement.  That 
known  as  Savory's  system  is  represented  in  fig.  151.  By  thispl*'^ 
an  engine  suitable  for  winding  a  rope  is  placed  on  each  side  01 
a  field,  and  the  engine  on  the  one  side  winds  up  a  rope  passiOe 
across  the  field  which  the  other  engine  unwinds.  The  plough  is 
attached  to  this  rope,  and  it  is  drawn  to  one  side  and  to  the  other 
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each  engine  atiemately.  each  advancing  a  short  distance  along 
the  field  for  eicry  cut  that  is  made,  llic  modem  practice,  how- 
ever, is  to  have  (wo  ropes  and  two  ploughs  simultaneously  crossing 
ihe  field  as  well  as  twci  cngineii,  whereby  the  whole  time  of  iho 
engines  is  utilised. 


1 


Q.  Will  not  the  portable  engine  require  to  be  modified  in  some 
"its  details  to  fit  it  for  ploughing.' 
A.  Yes ;  but  its  essential  features  remain  unchanged.     Fig.  152 
3  representation  of  Fowler's  ploughing  engine,  in  which  it  will 
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'Tie  seen  iherc  are  t"ii  dninis  mtating  im  vertical  a^cs  bcnealh  the 
hoilcr,  on  one  of  which  the  cntnne  is  winding  up  the  wire  rope, 
ilrawing  the  franieof  ploughshares,  while  the  engine  at  the  opposite 
side  of  the  field  is  at  the  same  time  winding  up  the  other  rope, 
and  consequcnily  unwinding  it  from  the  drum  here  represented. 
In  point  of  fact  an  endless  rope  would  answer  a?  mcII  as  two  ropes, 
and  an  endless  rope  may  be  made  to  work  two  sets  of  ploughs  by 
being  passed  over  a  movable  pulley  at  ihe  opposite  side  of  the 
field,  wiihoui  the  nccessitj'  of  using  two  engme?.  The  single 
engine,  however,  would  require  to  have  the  same  power  as  the  iwo 
it  superseded  to  do  the  same  work  in  the  same  lime,  and  there 
would  be  the  trouble  and  delay  incidental  to  the  moving  of  the 
pulley  and  its  anchors,  while  the  weight  of  an  engine  constitutes 
anchor  enough.  All  things  considered,  therefore,  the  plan  of 
having  two  engines  and  two  ropes  passing  acroi^s  ihc  field  appears 
in  be  the  beat  yet  introduced. 

Q,   Has  any  sjwciea  of  steam-digger  been  projcticd  ? 

A,  V'es  ;  one  expedient  which  has  been  proposed  is  to  have 
revolving  ploughshares  set  on  an  axle,  driven  by  a  locumotive 
engine,  which  is  slowly  advanced  by  the  ploughshares  biting  the 
ground,  in  the  ntanner  a  steam  vessel  is  propelled  by  paddle- 
wheels.  This  last  expedient,  termed  Ushers  .i:! earn- plough,  is 
represented  in  fig.  153,  but  it  cannot  be  said  to  have  come  into 

)2-  Will  you  describe  the  structure  and  opeiaiion  of  Usher's 
M  earn -plough  ? 

A.  The  machine  substantially  consists  of  a  locomotive  engine 
ivith  the  fore  wheels  made  to  swivel,  so  as  to  guide  ihe  machine, 
vihile  the  hind  wheels  consist  of  a  great  drum  stretching  across 
beneath  the  engine,  to  prevent  the  weight  from  sinking  the  machine 
tixi  deep  in  the  soft  ground.  At  the  end  of  the  engine  an  axle 
runs  across  from  side  10  side,  carrying  any  required  number  of 
sets  of  revolving  ploughshares,  and  this  axle  can  be  raised  or  de- 
pressed by  appropriate  mechanism,  so  as  to  give  the  ploughshares 
any  amount  of  dip  which  may  be  found  expedient.  The  axlc 
canying  the  ploughshares  has  its  speed  reduced,  and  its  force  of 
rotation  increased,  by  the  interposition  of  gearing  between  it  and 
the  engine. 

ii  Describe  the  apparatus  in  greater  detail. 

A.  Referring  to  the  figure,  a'  a'  is  the  wheel  carrying  the  three 
ploughshares  ec'e";  each  ploughshare  is  preceded  by  a  coulter 
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iir  cutter,  and  a  succession  of  similar  wheels  and  p]oi:ghshares  is 
;et  upon  the  axle,  so  ihat  the  machine  ploughs  its  own  breadth  M 
once.  The  wheels  of  (he  fore  carriage  are  leitered  ib,  and /is 
the  great  drum  stretching  across  tlie  engine  to  support  the  weight 
The  drum  is  fixed  on  the  asle  f.  The  cylinder  of  the  engine  is 
shown  at  n,  and  o  is  the  connecting  rod  turning  the  crank.  On 
the  crank-sha'l  is  placed  a  pinion  /,  working  into  the  large  spur 
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wheel  ^',  which  turns  on  the  axle  -t;  and  a  pinion  aiBxed  to/ 
giies  motion  to  a  wheel  fixed  to  the  drum/  At  the  same  time 
g'  gears  into  a  smaller  wheel  on  the  axis  u,  and  so  puts  the  rol»i' 
ing  ploughshares  into  resolution.  The  axle  u  is  supported  bj'  ^' 
framework  //,  which  by  turning  round  the  cross-handle  atiachrf 
to  a  small  pinion  gearing  with  the  sector  /,  may  be  moved  lil""*  * 
vibrating  beam  on  the  centre  /:,  and  the  bile  of  the  re»ohT«s 
ploughshares  may  therefore  be  increased  or  diminished  by  vanK 
in  the  appropriate  direction  the  cross-handle  at  /.     It  will  I" 
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obvious  that  as  the  frame  /  /  vibrates  on  the  same  centre  on  which 
the  wheel  g'  revolves,  that  the  elevation  or  depression  of  the 
ploughshares  does  not  affect  the  gear  of  the  wheels. 

Q.  Have  steam  engines  been  made  to  travel  on  common  roads 
like  locomotives  upon  railways  ? 

A.  Yes  ;  steam  traction  engines  have  been  used  for  some  pur- 
poses. But  the  extension  of  tramways  on  common  roads  appears 
likely  to  limit  the  emplo>'ment  of  such  engines,  as  the  traction  on 
tramways  is  so  much  less. 

Q,  Was  it  not  at  one  time  expected  that  steam  coaches  on 
common  roads  would  take  the  place  of  the  horse  coaches  at  that 
time  running.^ 

A,  Yes,  that  expectation  was  entertained.  But  it  was  in 
ignorance  or  forgetful ness  of  the  fact  that  a  steam  coach  of  any 
kind,  to  achieve  any  considerable  speed,  must  necessarily  be  heavy, 
and  that  the  whole  power  of  such  a  machine  would  be  expended 
in  propelling  its  own  weight  with  the  necessary  load  of  fuel  and 
water. 

Q.  What  is  the  relative  resistance  of  wheeled  vehicles  upon 
good  roads  and  upon  railways  or  tramways,  supposing  both  to  be 
level  ? 

A,  Upon  good  roads  it  is  about  5„th  of  the  weight.  Upon 
railways  or  tramways  at  low  speeds  it  is  3li,th  of  the  weight. 

Q,  Then  the  deduction  from  the  canning  power  to  be  made  in 
the  case  of  a  railway  or  tramway  for  the  weight  of  the  engine 
itself  is  very  small  relatively  with  the  deduction  which  has  to  be 
made  in  the  case  of  steam  traction  upon  common  roads  ? 

A,  Precisely  so,  and  it  was  soon  seen  that  to  accomplish  any 
considerable  amelioration  railways  were  necessar)-,  and  that  where 
they  were  made  steam  upon  the  common  road  had  no  possible 
chance  of  success.  Nor  is  it  merely  in  regard  to  the  high  resistance 
that  the  objection  to  steam  on  common  roads  exists.  It  would  be 
impossible,  in  the  midst  of  a  miscellaneous  traffic,  to  run  steam 
coaches  at  a  high  rate  of  speed  ;  and  unless  a  high  rate  of  speed 
were  attained  no  adequate  inducement  to  the  supersession  of 
horses  by  steam  power  could  be  presented,  seeing  that  the  weight 
of  the  engine  and  the  cost  of  its  traction  were  so  great.  Traction 
engines  have  this  advantage  over  horses  for  drawing  heavy  weights — 
that  they  are  under  better  control,  whereas  it  is  difficult  to  get  a  large 
number  of  horses  to  pull  together.  The  structure  and  configuration 
of  traction  engines  are  very  similar  to  those  of  ploughing  engines. 


Thomson's  Sttam  Road-Roller.  4 1 1 

\Q,  May  not  ihe  same  be  said  of  steam  road-rolleri  for  con- 
lating  tbc  broken  stones  by  whkh  roads  are  made  or  mended  ? 
\  A.  The  sicam  road-roller  is  a  modification  of  the  traction 
inc.  Aveling  and  Porter's  slea:n  road-roller  is  represented  in 
,  IJ4  with  a  stone- breaker  attached.  The  engine  is  carried 
I  (bur  wheels  of  equal  width,  the  two  hind  wheels  acting  as 
g  and  the  two  fore  as  steering  wheels.  When  a  road  is  newly 
viih  broken  stones,  i(  is  consolidated  by  driving  the  roller 
backward  and  forward  over  the  surface,  which  is  al  the  same  lime 
wetted  and  sprinkled  with  gravel  to  facilitate  the  consolidation. 
Very  heavy  rollers  like  those  used  in  France  have  been  found  to 
ti  the  pipes  laid  beneath  the  road. 
"I.  Will  you  [Icscribc  Thotnson's  road-roller? 


'Tmt^  i  ill 


.  This  m^ine  is  represented  in  fig.  155.  There  are  two 
uders  working  downward  to  a  cross-shafi,  which  carries  two 
1  ch^n  pinions  that  give  moiion  through  (he  medium  of 
0  the  roller,  which  constitutes  one  great  driving  wheel 
Ending  from  side  to  side  of  the  carriage.  The  steering  is 
mplished  by  the  aid  of  the  leading  wheels,  each  of  which  is 
"  ■  a  forked  vertical  axis  capable  of  being  swivelled  by  a 
n  wheel  ai  its  upper  end.  The  whole  machinery  is  carried  by 
rough  [-iron  framing  19  feet  S  inches  long,  8  feet  wide,  and  6J  feet 
uid  standing  S  feet  above  the  road^^■ay.     Tlie  total  weight 


412 


Appold's  Centrifugal  Pump. 


0  be  lumed  round  al  the 

n  indifTerently  in  eilher 

)oths  down  the  road  much 


□r  tlie  machine  is  2;j  tons,  of  which  21^  tons  are  camed  by  the 
roller  and  the  rest  by  the  leading  wheels.  The  roller  is  6  fe« 
long  and  7i  feet  diameter,  and  is  constnicted  of  wrought-imn 
plaies,  riveted  together,  the  plate  being  \  inch  thick,  with  inteniil 
stiffening  stays  ;  and  wearing  plates  are  applied  to  its  exterior, 
which  may  be  renewed  when  worn  out.  The  cylinders  are  each  of 
II  inches  diameter  and  18  inches  stroke,  and  five  revolutions  nf 
the  engines  produce  one  of  the  roller.  The  boiler  is  vertical,  4  f«i 
2  inches  diameter  and  10  feet  3  inches  high,  with  64  Field  tubes, 
zj-  external  diameter.  The  engine  is  fitted  with  the  link  motion,  10 
render  reversing  easy.  The  road,  after  being  picked  and  covered 
with  broken  slone  mixed  with  a  little  sand  or  gravel,  is  well  watered, 
and  the  roller  is  run  backward  and  forward  over  it  a  few  times, 
when  it  is  found  to  be  perfectly  consolidated,  and  fit  for  immediate 
traffic.  The  machine  does  not  require  ti 
end  of  its  beat,  but  only  backed,  as  it  will 
direction  ;  and,  like  a  great  mangle,  it  smi 
more  effectually  than  traffic  could  do,  and  «iihout  any  injuriou? 
attrition  of  the  stones  upon  one  another. 

Q.  Is  the  centrifugal  pump  now  much  used  for  agricultural 
purposes  ? 
A.   It  is. 

Q.  What  is  the  best  form  of  that  pump  ? 
A.  The  best  form  of  centrifugal  pump  is  that  of  Appold,  with 
is  represented  in  tig.  156.  In  i35t,pumpsbyAppald. 
with  straight  vanes,  with  in- 
chned  lanes,  and  with  curved 
vanes,  were  carefully  tested, 
and  It  was  found  that  the  wort 
done  relatively  to  the  poner 
expended  amounted  uith  the 
pump  with  straight  vanes  to 
24  per  cent,  with  the  pump 
with  mclincd  vaaes  to  4J  per 
cent ,  and  « ith  the  pump  «itli 
curved  vanes  —  such  as  are 
shown  m  hg.  156— to  68  p« 
cent.  This  pump  has  bee^i 
much  used  in  raising  wai" 
for  irrigation,  for  draining  land 
docks,  and  for  various  othei 


and  foundations,  for  pumping 


C'-t-yniic's  Eiigiiu  ami  Cinlrifiignl  Piitiip.  -I '  j 


4  r  4         Best  Mode  of  Driving  Centrifugal  Pumps. 

purposes  for  which  low  lifts  are  required.  But  for  some  of  these 
purposes  the  chain  pump,  formed  with  square  boards  moving  slowly 
in  a  wooden  trunk,  appears  to  be  fully  as  effective.  The  centrifugal 
pump  is  sometimes  driven  by  toothed  wheels,  and  sometimes  by 
serrated  surfaces  of  contact,  or  the  circumferential  ridges  and  fur- 
rows known  by  the  name  of  frictional  gearing.  But  toothed  wheels 
require  to  work  so  very  fast  when  the  lift  is  at  all  considerable, 
that  they  are  soon  cut  away,  and  it  appears  advisable  when  gear- 
ing is  used  in  such  cases  to  make  it  spiral,  or  in  steps,  and  with 
the  teeth  bottoming  and  very  broad.  If  frictional  gearing  is  used, 
it  should  be  of  much  greater  breadth  and  power  than  the  authors 
of  that  scheme  deem  necessary,  seeing  that  in  certain  cases  the 
wheels  which  have  been  deemed  by  them  of  adequate  size  have 
been  found  quite  insufficient  to  transmit  the  strain. 

Q.  May  not  the  pump  be  driven  direct  by  a  high-speed  engine  ? 

A.  It  may,  and  this  appears  to  be  the  best  solution  of  the 
question.  Fig.  157  is  the  representation  of  a  centrifugal  pump  by 
Messrs.  Gwynne,  driven  in  this  way,  and  in  most  cases  intermediate 
gear  of  any  kind  has  now  been  discarded. 

Q.  Has  the  engine  here  represented  its  momentum  balanced 
by  counterweights  ? 

A.  No ;  and  this  is  a  disadvantage.  High-speed  engines  will 
move  uneasily  unless  so  balanced.  The  crank-pin,  moreover, 
should  not  be  overhung.  The  cylinder  also  would  be  better  if  set 
lower,  as  where  it  joins  the  framing  opposite  the  cylinder-cover 
it  will  be  liable  to  spring.  These  faults,  however,  Messrs,  Gw)'nne 
have  corrected  in  subsequent  engines. 

Q,  What  is  the  velocity  with  which  a  centrifugal  pump  must 
work  ? 

A,  That  depends  on  the  height  to  which  it  has  to  lift  the 
water.  In  every  case  the  periphery  of  the  pump  must  move  with 
a  greater  velocity  than  water  would  acquire  in  falling  from  that 
head. 

Q.  What  are  the  cases  for  which  the  centrifugal  pump  is  the 
most  suitable  instrument  ? 

A,  The  cases  are  where  large  quantities  of  water  have  to  be 
lifted  against  a  low  head,  especially  if  the  water  is  impure,  as  the 
centrifugal  pump  has  no  valves  liable  to  be  gagged,  but  sends 
everything  through.  In  steam  vessels  it  is  much  used  for  main- 
taining a  current  of  sea-water  through  the  tubes  of  the  surfa<^ 
condenser  whereby  the  necessary  refrigeration  is  maintained. 


Nasmyth's  SUam  Hammer,  4 1 5 

Q.  Will  you  describe  the  slnicture  and  action  ol  the  &team- 
bunmer? 

A  Tlic  steam-hammer  was  originally  inventedby  Watt,  but  uas 
allowed  to  remain  in  abeyance  for  halfa  century,  until  rc-invcntcd 


nd  carried  into  practical  operHiion,  by  Mr.  James  Nasmyth.  A 
epresentationof  this  hammeris  given  in  fig.  158,  where  Aisthccylin- 
lical  slide-valve,  worked  by  the  spindle  B,  supported  by  a  bracket  D, 
Qlted  to  the  hammer  framing ;  e  is  a  lever  jointed  to  a  rod  F, 
lassing  down  to  the  level  of  the  workman's  hand,  and  jointed  at  C  to 
he  cranked  lever  H,  which  turns  on  a  slud  I,  bolted  to  the  framing. 


4 1 6  Power  Necessary  in  Mill  Engines. 

To  work  the  hammer,  this  lever  is  merely  worked  up  and  down. 
The  cylinder,  which  stands  on  top  of  the  framing,  has  a  piston-rod 
passing  through  the  bottom  and  engaging  a  great  block  of  metal, 
which  constitutes  the  hammer.  When  the  steam  is  admitted  be- 
neath the  piston  the  hammer  is  lifted,  and  when  admitted  above 
the  piston  the  hammer  is  forced  down,  both  by  the  pressure  of  the 
steam  and  by  its  own  weight.  The  force  of  the  blow  will  be 
determined  by  the  amount  of  opening  given  to  the  slide-valve  by 
the  handle  H,  and  this  may  be  determined  by  putting  the  pin  K  into 
-one  of  the  holes  of  the  quadrant  J,  and  by  bringing  the  handle 
up  against  the  pin  which  has  been  inserted  in  the  selected  hole. 
Steam-hammers  of  various  sizes,  suited  to  the  purposes  for  which 
they  are  employed,  are  now  in  extensive  use  in  the  workships  of  all 
civilised  countries. 

Q.  Can  you  give  any  example  of  the  power   necessary  for 
grinding  com  ? 

A.  An  engine  exerting  23 J  horses-power  by  the  indicator  works 
two   pairs  of  flour-stones  of  4  feet  8  inches  diameter,  two  pairs  of 
stones  grinding  oatmeal  of  4  feet  8  inches  diameter,  one  dressing- 
machine,  one  pair  of  fanners,  one    dust-screen,  and    one  sifting- 
machine.      One   of  the  four  stones   makes  85  and  the  other  90 
revolutions  in  the  minute.     One  of  the  oatmeal-stones  makes  120 
and  the  other  140  revolutions  in  the  minute.      To  take  another 
case  : — An  engine  exerting  26J  indicator  horse-power  works  two 
pairs  of  flour-stones,  one  dressing-machine,  two  pairs  of  stones 
grinding  oatmeal,   and   one  pair  of  shelling-stones.     The  flour- 
stones,  one  pair  of   the   oatmeal-stones,  and   shelling-stones  are 
4  feet  8  inches   diameter.     The  diameter  of  the  other  pair  of 
oatmeal-stones  is  3  feet  8  inches.     The  length  of  the  cylinder  of 
the  dressing-machine  is  7  feet  6  inches.     The  flour-stones  make 
87  revolutions  in  the  minute,  and  the  larger  oatmeal-stone  in  re- 
volutions, but  the  smaller  oatmeal-stone  and  the   shelling-stone 
revolve  faster  than  this.     At  the  time  the  indicator  diagram  >*'a5 
taken,  each  pair  of  flour-stones  was  grinding  at  the   rate  of  5 
bushels  an  hour  ;  each  pair  of  oatmeal-stones  about  24  bushels  an 
hour ;  and  the  shelling-stones  were  shelling  at  the  rate  of  about 
54  bushels  an  hour.    The  fanners  and  screen  were  also  in  opera- 
tion. 

O.  Have  you  any  other  cases  to  enumerate  ? 

A.  I  may  mention  one,  in  which  the  power  of  the  same  engine 
was  increased  by  giving  it  a  larger  supply  of  steam.    The  cngirc 
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when  working  with  8*65  horses-power,  gives  motion  to  one  pair  of 
oatmeal-stones  of  4  feet  6  inches  diameter,  and  one  pair  of  flour- 
stones  4  feet  8  inches  diameter.  The  oatmeal -stone  makes  100 
revolutions  in  the  minute,  and  the  flour-stone  89.  The  oatmeal 
stones  grind  about  36  bushels  in  the  hour,  and  the  flour-stones 

5  bushels  in  the  hour.  The  engine  when  working  to  12  horses- 
power  drives  one  pair  of  flour-stones,  4  feet  8  inches  diameter,  at 
89  revolutions  per  minute,  and  one  pair  of  stones  of  the  same 
diameter  at  105  revolutions,  grinding  beans  for  cattle.  The  flour- 
mill  stones  with  this  proportion  of  power,  being  more  largely  fed, 
ground   6  bushels  per  hour,  and   the  other  stones  also  ground 

6  bushels  per  hour.  When  the  power  was  increased  to  18  horses, 
and  the  engine  was  burdened  in  addition  with  a  dressing- machine 
having  a  cylinder  of  19  inches  diameter,  the  speed  of  the  flour- 
stone  fell  to  85,  and  of  the  beans-stone  to  100  revolutions  per 
minute,  and  the  yield  was  also  reduced.  The  dressing-machine 
dressed  24  bushels  per  hour. 

Q,  What  is  the  power  necessary  to  work  a  sugar  mill  such  as 
is  used  to  press  the  juice  from  canes  in  the  West  Indies  ? 

A.  Twenty  horses-power  will  work  a  sugar  mill  having  rollers 
about  5  feet  long  and  28  inches  diameter  ;  the  rollers  making  2  J 
turns  in  a  minute.  If  the  rollers  be  26  inches  diameter  and  4^  feet 
long,  18  horses-power  will  suffice  to  work  them  at  the  same  speed, 
and  16  horses-power  if  the  length  be  reduced  to  3  feet  8  inches. 
12  horses-power  will  be  required  to  work  a  sugar  mill  with  rollers 
24  inches  diameter  and  4  feet  2  inches  long  ;  and  10  horses- power 
will  suffice  if  the  rollers  be  3  feet  10  inches  long  and  23  inches 
diameter.  The  speed  of  the  surface  of  sugar  mill  rollers  should 
toot  be  greater  than  16  feet  per  minute,  to  allow  time  for  the  canes 
to  part  with  their  juice.  In  the  old  mills  the  speed  was  invariably 
too  gp-eat.  The  quantity  of  juice  expressed  will  not  be  increased 
by  increasing  the  speed  of  the  rollers,  but  more  of  the  juice  will 
pass  away  in  the  begass  or  woody  refuse  of  the  cane. 

Q.  What  is  the  amount  of  power  necessary  to  drive  cotton 
rnills  ? 

A,  An  indicator  or  actual  horse-power  will  drive  305  hand- 
*»iule  spindles,  with  proportion  of  preparing  machinery  for  the 
^ame,  or  230  self-acting  mule  spindles  with  preparation,  or  104 
^lirostle-spindles  with  preparation,  or  10^  power  looms  with  common 
sizing.  The  throstles  referred  to  are  the  common  throstles 
•^pmning  34's  twist  for  power-loom  weaving,  and  the  spindles  make 
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4,000  turns  per  minute.  The  self-acting  mules  are  Roberts*,  about 
one  half  spinning  36's  weft,  and  spindles  revolving  4,800  turns  per 
minute  ;  and  the  other  half  spinning  36*s  twist,  with  the  spindles 
revolving  5,200  times  per  minute.  Half  the  hand-mules  were 
spinning  36's  weft,  at  4,700  revolutions,  and  the  other  half  36's 
twist  at  5,000  revolutions  per  minute.  The  average  breadth  of  the 
looms  was  37  inches,  weaving  37-inch  cloth,  making  123  picks  per 
minute,— all  common  calicoes  about  60  reed,  Stockport  count,  and 
68  picks  to  the  inch.  To  take  another  example,  in  the  case  of  a 
mill  for  twisting  cotton  yam  into  thread  : — In  this  mill  there  are  27 
frames  with  96  common  throstle-spindles  in  each,  making  in  all 
2,592  spindles.  The  spindles  turn  2,200  times  in  a  minute ;  the 
bobbins  are  ij  inches  diameter,  and  the  part  which  holds  the 
thread  is  2^  inches  long.  In  addition  to  the  twisting  frames  the 
steam  engine  works  4  turning  lathes,  3  polishing  lathes,  2  American 
machines  for  turning  small  bobbins,  two  circular  saws,  one  of  22 
and  the  other  of  14  inches  diameter,  and  24  bobbin  heads  or 
machines  for  filling  the  bobbins  with  finished  thread.  The  power 
required  to  drive  the  whole  of  this  machinery  is  28i  horses.  '\^'hen 
all  the  machinery  except  the  spindles  is  thrown  off,  the  pow'er 
required  is  21  horses,  so  that  2,592,  the  total  number  of  spindles, 
divided  by  21,  the  total  power,  is  the  number  of  twisting  spindles 
worked  by  each  actual  horse-power.     The  number  is  122-84. 

Q,  What  work  will  be  done  by  a  given  engine  in  sawing  timber, 
pressing  cotton,  blowing  furnaces,  driving  piles,  and  dredging  earth 
out  of  rivers? 

A,  A  high-pressure  cylinder,  10  inches  diameter,  4  feet  stroke, 
making  35  revolutions  with  steam  of  90  to  100  lbs.  on  the  square 
inch,  supplied  by  three  cylindrical  boilers  30  inches  diameter  and 
20  feet  long,  works  two  vertical  saws  of  34  inches  stroke,  which  are 
capable  of  cutting  30  feet  of  yellow  pine,  18  inches  deep,  in  the 
minute.  A  high-pressure  cylinder,  14  inches  diameter  and  4  ^<^ 
stroke,  making  60  strokes  per  minute,  with  steam  of  40  lbs.  on  the 
square  inch,  supplied  by  three  cylindrical  boilers  without  flues,  50 
inches  diameter  and  26  feet  long,  with  32  square  feet  of  grate  sur- 
face, works  four  cotton  presses,  geared  6  to  i,  with  two  screws  in 
each  of  7i  inches  diameter  and  ij  pitch,  which  presses  will  screw 
1,000  bales  of  cotton  in  the  twelve  hours.  Also  one  high-pressure 
cylinder  of  10  inches  diameter  and  3  feet  stroke,  making  45  to  60 
revolutions  per  minute,  with  steam  of  45  to  50  lbs.  per  square  inch, 
with  two  hydraulic  presses  having  12-inch  rams  of  4^  feet  stroke, 
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*aid  force-pumps,  2  inches  diameter  and  6  inches  stroke,  presses  30 
bales  of  cotton  per  hour.  One  condensing  engine,  with  cylinder  56 
inches  diameter,  10  feet  stroke,  and  making  1 5  strokes  per  minute 
with  steam  of  60  lbs.  pressure  per  square  inch,  cut  off  at  jth  of  the 
stroke,  supplied  by  six  boilers,  each  5  feet  diameter  and  24  feet 
long,  with  a  22-inch  double-return  flue  in  each,  and  198  square  feet 
of  fire-grate,  works  a  blast  cylinder  of  126  inches  diameter  and  10 
feet  stroke,  at  1 5  strokes  per  minute.  The  pressure  of  the  blast  is 
4  to  5  lbs.  per  square  inch  ;  the  area  of  pipes,  2,300  square  inches  ; 
and  the  engine  blows  four  furnaces  of  14  feet  diameter,  each  making 
100  tons  of  pig-iron  per  week.  Two  high-pressure  cylinders,  each 
of  6  inches  diameter  and  18  inches  stroke,  making  60  to  80  strokes 
per  minute,  with  steam  of  60  lbs.  per  square  inch,  lift  two  rams, 
each  weighing  1,000  lbs.,  five  times  in  a  minute,  the  leaders  for 
the  lift  being  24  feet  long.  One  high-pressure  cylinder  of  12  inches 
diameter  and  5  feet  stroke,  making  20  strokes  per  minute,  with 
steam  of  60  to  70  lbs.  pressure  per  square  inch,  lifts  6  buckets  full 
of  dredging  per  minute  from  a  depth  of  30  feet  below  the  water,  or 
lifts  10  buckets  full  of  mud  per  minute  from  a  depth  of  18  feet  below 
the  water. 

Q.  What  is  the  form  of  governor  now  employed  in  marine 
engines  ? 

A,  There  are  various  kinds,  but  the  most  recent  form  is  that 
shown  in  figs.  159,  160,  and  161,  where  A  A  represents  one  of  the 
steam-ports  of  a  small  cylinder  ;  B  B,  the  governor  balls  of  a  small 
governor,  the  centrifugal  expansion  of  which,  put  into  revolution 
by  a  pulley,  is  resisted  by  a  spiral  spring ;  c  is  the  piston  of  the 
small  cylinder.  The  piston  is  made  of  brass,  and  the  cylinder  also 
is  lined  with  brass,  as  an  antidote  to  corrosion. 

Q.  How  does  this  arrangement  regulate  the  speed  of  the  main 
engines  } 

A.  When  the  speed  of  the  main  engines  is  accelerated,  in 
however  slight  a  degree,  the  speed  of  the  small  governor  is  also 
accelerated  and  the  divergence  of  the  balls,  which  theli  overcome 
to  a  corresponding  extent  the  tension  of  the  spiral  spring,  acts  upon 
the  small  piston-valve,  and  admits  a  little  steam  at  A  A.  This  at 
once  moves  the  piston  c,  and  its  piston-rod  acts  upon  throttle-valves 
in  the  steam  and  eduction  pipes  of  the  main  engines. 

Q.  Might  not  the  go\crnor  be  made  to  act  directly  upon  those 
valves,  and  thus  obviate  the  necessity  of  having  a  small  cylinder  .^ 

A.  It  might ;  but  the  governor  in  such  event  would  be  a  very 

E  F.  2 
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e  afiair,  and  it;  use  would  be  atlended  with  various  difficuliies. 
e  original  marine  governor  introduced  by  myself  into  a  steamer 
M837  acted  in  litis  way.  Itut  the  balls  of  that  governor  were  14 
"i  diameter.     In  large  engines  the  throttle. vaKes  require 
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that  the  governor  has  to  do  is  to  move  the  small  piston-valve  of 
the  small  engine.  The  small  cylinder  is  filled  with  water  before 
starting,  and  it  is  on  thte  surface  of  this  water  that  the  steam  acts, 
so  that  the  expenditure  of  steam  is  quite  insignificant 

Q.  Whereabouts   in   the   engine-room   is   this   small   cylinder 
placed  ? 

A,  It  is  bolted  against  the  engine-room  bulkhead,  so  that  the 
driving  cord  comes  near  the  bulkhead,  and  is  not  liable  to  accidental 
injury.  The  steam  comes  in  through  the  small  screw-valve,  shown 
at  the  top  of  the  apparatus,  and  a  corresponding  volume  of  water 
escapes  by  the  eduction  passage.  The  spontaneous  condensation 
of  the  small  quantity  of  steam  admitted  keeps  up  the  supply  of  th|j 
small  quantity  of  water  required  by  the  rapid  action  of  the  appa- 
ratus. 

Q»  Has  this  species  of  governor  been  found  to  give  satisfactor}' 
results  in  practice  ? 

A.  It  has  been  introduced  into  a  number  of  steam  vessels,  and 
has  been  favourably  reported  upon  in  ever)*  case.  But  in  such 
cases  the  recognition  of  judicious  adaptation  in  the  apparatus  itself 
is  a  far  safer  credential  than  commendatory  testimonials,  such  as 
all  plans  equally,  whether  good  or  bad,  are  able  to  present. 

2-  Among  the  miscellaneous  purposes  to  which  the  steam 
engine  is  now  applied,  one  is  to  the  extinction  of  fire  1 

A,  Yes  ;  an  example  of  a  steam  fire-engine  is  given  in  fig.  162, 
consisting  of  a  vertical  boiler  with  Field  tubes,  a  horizontal  steam 
engine,  and  pump  and  other  parts,  as  shown  in  the  cut,  which 
renders  the  structure  so  plain  as  to  obviate  the  necessity  of  further 
description.  These  examples  constitute  only  a  small  specimen  of 
the  multitudinous  uses  to  which  the  steam  engine  is  now  applied. 
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CHAPTER   X. 

MANUFACTURE  AND  MANAGEMENT  OF  STEAM 

ENGINES. 

CONSTRUCTION   OF  ENGINES. 

Q.  What  are  the  qualities  which  should  be  possessed  by  the 
iron  of  which  the  cylinders  of  steam  engines  are  made  ? 

A,  The  liners  of  cylinders  should  be  sound  and  hard  ;  but  it  is 
expedient  also  to  make  the  cylinders  themselves  tough,  so  as  to 
approach  as  nearly  as  possible  to  the  state  of  malleable  iron.   This 
may  be  done  by  mixing  in  the  furnace  as  many  different  kinds  of 
iron  as  possible  ;  and  it  may  be  set  do>\*n  as  a  general  rule  in  iron- 
founding,  that  the  greater  the  number  of  the  kinds  of  metal  enter- 
ing into  the  composition  of  any  casting,  the  denser  and  tougher  it 
will  be.     The  constituent  atoms  of  the  different  kinds   of  iron- 
appear  to  be  of  different  sizes,  and  the  mixture  of  different  kinds 
maintains  the  toughness,  while  it  adds  to  the  density  and  cohesive 
power.     Hot-blast   iron  is  generally  believed  to  be  weaker  than 
cold-blast  iron.     The  cohesive  strength  of  unmixed  iron  is  not  in 
proportion  to  its  specific  gravity,  and  its  elasticity  and  power  to 
resist   shocks  appear  to  become  greater  as  the  specific  gravity 
becomes   less.     Nos.  3  and  4  are  the  strongest  irons.     In  most 
cases,  iron  re-melted  in  a  cupola  is  not  so  strong  as  when  re-melted 
in  an  air  furnace,  and  when  run  into  green  sand  it  is  not  reckoned 
so  strong  as  when  run  into  dry  sand  or  loam.      The  quality  of 
the  fuel,  and  even  the  state  of  the  weather,  exerts  an  influence  on 
the  quality  of  the  iron.     Smelting  furnaces,  on  the  cold-blast  prin- 
ciple, have  long  been  known  to  yield  better  iron  in  winter  than  in 
summer,  probably  from  the  existence  of  less  moisture  in  the  air  ; 
and  it  would  probably  be  found  to  accomplish  an  improvement  in 
the  quality  of  the  iron  if  the  blast  were  made  to  pass  through  a 
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vessel  containing  muriate  of  lime,  by  which  the  moisture  of  the  air 
would  be  extracted.  The  expense  of  such  a  preparation  would  not 
be  considerable,  as,  by  subsequent  evaporation,  the  salt  might  be 
used  over  and  over  again  for  the  same  purpose. 

Q,  Will  you  explain  the  process  of  casting  cylinders  ? 

A,  The  mould  into  which  the  metal  is  poured  is  built  up  of 
bricks  and  loam,  the  loam  being  clay  and  sand  ground  together  in 
a  mill,  with  the  addition  of  a  little  horse-dung  to  g^ve  it  a  fibrous 
structure  and  prevent  cracks.   The  loam-board,  by  which  the  circle 
of  the  cylinder  is  to  be  swept,  is  attached  to  an  upright  iron  bar,  at 
the  distance  of  the  radius  of  the  cylinder,  and  a  cylindrical  shell  d 
brick  is  built  up,  which  is  plastered  on  the  inside  with  loam,  and 
made  quite  smooth   by  traversing  the  perpendicular  loam-board 
round  it.     A  core  is  then  formed  in  a  similar  manner,  but  so  much 
smaller  as  to  leave  a  space  between  the  shell  and  the  core  equal 
to  the  thickness  of  the  cylinder,  and  into  this  space  the  melted 
metal  is  poured.     Whatever  nozzles  or  projections  are  required 
upon  the  cylinder  must  be  formed  by  means  of  wooden  patterns, 
which  are  built  into  the  shell,  and  subsequently  withdrawn ;  but 
where  a  number  of  cylinders  of  the  same  kind  are  required,  it  is 
advisable  to  make  these  patterns  of  iron,  which  will  not  be  liable 
to  warp  or  twist  while  the  loam  is  being  dried.     Before  the  iron  is 
cast  into  the  mould,  the  interior  of  the  mould  must  be  co\'ered 
with  finely  powdered  charcoal — or  blackening,  as  it  is  technically 
termed ;  and  the  secret  of  making  finely-skinned  castings  lies  in 
using  plenty  of  blackening.     In  loam  and  dry-sand  castings  the 
charcoal  should  be  mixed  with  thick  clay  water,  and  applied  until 
it  is  I  of  an  inch  thick,  or  more  ;  the  surface   should  be  then 
very  carefully  smoothed  or  sleeked,  and  if  the  metal  has  been 
judiciously  mixed,  and  the  mould  thoroughly  dried,  the  casting  is 
sure  to  be  a  fine  one.     Dry-sand  and  loam  castings  should  be,  as 
much  as  possible,  made  in  boxes  ;  the  moulds  may  thereby  be  more 
rapidly  and  more  efifectually  dried,  and  better  castings  will  be  go^ 
with  a  less  expense. 

Q,  Will  you  explain  the  next  operation  which  a  cylinder  under- 
goes ? 

A,  The  next  stage  is  the  boring ;  and  in  boring  cylinders  of 
74  inches  diameter,  the  boring-bar  must  move  so  as  to  make  one 
revolution  in  about  4J  minutes,  at  which  speed  the  cutters  will 
move  at  the  rate  of  about  5  feet  per  minute.  In  boring  brass,  the 
speed  must  be  slower  ;  the  common  rate  at  which  the  tool  roosts 
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in  boring  brass  air-pumps  is  about  3  feet  per  minute.  If  this  speed 
be  materially  exceeded  the  tool  will  be  spoiled,  and  the  pump  made 
taper.  The  speed  proper  for  boring  a  cylinder  will  answer  for 
boring  the  brass  air-pump  of  the  same  engine.  A  brass  air-pump 
of  36^  inches  diameter  requires  the  bar  to  make  one  turn  in  about 
three  minutes,  which  is  also  the  speed  proper  for  a  cylinder  60 
inches  in  diameter.  To  bore  a  brass  air-pump  36^  inches  in  dia- 
meter requires  a  week,  an  iron  one  requires  48  hours,  and  a  copper 
one  24  hours.  In  turning  a  malleable  iron  shaft  12J  inches  in 
diameter,  the  shaft  should  make  about  five  turns  per  minute,  which 
is  equivalent  to  a  speed  in  the  tool  of  about  16  feet  per  minute ; 
but  this  speed  may  be  exceeded  if  soap  and  water  be  plentifully 
run  on  the  point  of  the  tool.  A  boring-mill,  of  which  the  speed 
maybe  varied  from  i  turn  in  6  minutes  to  25  turns  in  i  minute 
will  be  suitable  for  all  ordinary  wants  that  can  occur  in  practice. 

Q,  Are  cylinders  bored  out  from  end  to  end  } 

A.  No ;  modem  engines  are  generally  fonned  with  a  bush  or 
liner,  and  in  such  case  the  external  cylinder  has  only  to  be  bored 
for  a  short  distance  at  the  mouth  and  bottom  to  enable  the  liner  to 
be  fitted.     Liners  are  necessarily  bored  from  end  to  end. 

Q,  Are  there  any  precautions  necessary  to  be  observed  in  order 
that  the  boring  may  be  truly  effected  ? 

A,  In  fixing  a  cylinder  or  a  liner  into  the  boring-mill,  great 
care  must  be  taken  that  it  is  not  screwed  down  unequally  ;  and, 
indeed,  it  will  be  impossible  to  bore  a  large  cylinder  in  a  horizontal 
mill  without  being  oval,  unless  the  cylinder  be  carefully  gauged 
when  standing  on  end,  and  be  set  up  by  screws  when  laid  in  the 
mill  until  it  again  assumes  its  original  form.  A  large  cylinder  will 
Inevitably  become  oval  if  laid  upon  its  side ;  and  if  while  under 
the  tension  due  to  its  own  weight  it  be  bored  round,  it  will  become 
oval  again  when  set  upon  end.  If  the  bottom  be  cast  in,  the 
cylinder  will  be  probably  found  to  be  round  at  one  end  and  oval 
at  the  other,  unless  a  vertical  boring-mill  be  employed,  or  the  pre- 
cautions here  suggested  be  adopted. 

Q,  How  are  the  parts  of  a  piston  fitted  together  so  as  to  be 
perfectly  steam-tight  ? 

A,  The  old  practice  was  to  depend  chiefly  upon  grinding  as 
the  means  of  making  the  rings  tight  upon  the  piston  or  upon  one 
another;  but  scraping  is  now  chiefly  relied  on.  Some  makers, 
however,  finish  their  steam-surfaces  by  grinding  them  with  pow- 
dered Turkey  stone  and  oil.    A  slight  grinding,  or  polishing,  with 
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powdered  Turkey  stone  and  oil  appears  to  be  expedient  in  ordinary 
cases,  and  may  be  conveniently  accomplished  by  setting  the  piston 
on  a  revolving  table,  and  holding  the  ring  stationary  by  a  cross 
piece  of  wood  while  the  table  turns  round.  Pieces  of  wood  may  be 
interposed  between  the  ring  and  the  body  of  the  piston,  to  keep  the 
ring  nearly  in  its  right  position ;  but  these  pieces  of  wood  should 
be  fitted  so  loosely  as  to  give  some  side  play,  else  the  disposition 
would  arise  to  wear  the  flange  of  the  piston  into  a  groove. 

Q.  What  kind  of  tool  is  used  for  finishing  surfaces  by  scraping? 

A,  A  flat  file,  bent  and  sharpened  at  the  end,  makes  an  eligible 
scraper  for  the  first  stages  ;  or  a  flat  file,  sharpened  at  the  end,  and 
used  like  a  chisel  for  wood.  A  three-cornered  file,  sharpened  at 
all  the  comers,  is  the  best  instrument  for  finishing  the  operation. 
The  scraping  tool  should  be  of  the  best  steel,  and  should  be  care- 
fully sharpened  at  short  intervals  on  a  Turkey  stone,  so  as  to  main- 
tain a  fine  edge. 

Q.  Will  you  explain  the  method  of  fitting  together  the  valve  and 
cylinder  faces  1 

A.  Both  faces  must  first  be  planed,  then  filed  according  to  the 
indications  of  a  thick  metallic  face-plate,  and  finally  scraped  very 
carefully  until  the  face-plate  bears  equally  all  over  the  surface.    In 
planing  any  surface,  the  catches  which  retain  the  surface  on  the 
planing-machine  should  be  relaxed  previously  to  the  last  cut,  to 
obviate  distortion  from  springing.     To  ascertain  whether  the  face- 
plate bears  equally,  smear  it  over  with  a  little  red  ochre  and  oil, 
and  move  the  face-plate  slightly,  which  will  fix  the  colour  upon 
the  prominent  points.   This  operation  is  to  be  repeated  frequently ; 
and  as  the  work  advances  the  quantity  of  colouring  matter  is  to  be 
diminished,  until  finally  it  is  spread  over  the  face-place  in  a  thin 
film,  which  only  dims  the  brightness  of  the  plate.     The  surfaces  at 
this  stage  must  be  rubbed  firmly  together  to  make  the  points  of  con- 
tact visible,  and  the  higher  points  will  become  slightly  brightened, 
while  the  other  parts  are  left  more  or  less  in  shade.     If  too  small  a 
quantity  of  colouring  matter  be  used  at  first,  it  will  be  difficult  lofonn 
a  just  conception  of  the  general  state  of  the  surface,  as  the  promi- 
nent points  will  alone  be  indicated,  whereas  the  use  of  a  Urg* 
quantity  of  colouring  matter  in  the  latter  stages  would  destroy  the 
delicacy  of  the  test  the  face-plate  affords.     The  number  of  bearing 
points  which  it  is  desirable  to  establish  on  the  surface  of  the  "^ 
depends  on  the  use  to  which  the  surface  is  to  be  applied;  "^ 
whether  it  is  to  be  finished  with  great  elaboration,  or  otherwise, the 
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bearing  points  should  be  distributed  equally  over  the  surface.  Face- 
plates, or  planometers,  as  they  are  sometimes  termed,  are  supplied 
by  most  of  the  makers  of  engineering  tools.  Every  factory  should 
be  abundantly  supplied  with  them,  and  also  with  steel  straight-edges  ; 
and  there  should  be  a  master  face-plate  and  a  master  straight-edge 
for  the  sole  purpose  of  testing,  from  time  to  time,  the  accuracy  of 
those  in  use. 

Q.  Is  the  operation  of  surfacing,  which  you  have  described, 
necessary  in  the  case  of  all  slide-valves  ? 

A,  Yes  ;  and  in  fitting  ihe  faces  of  a  D  valve,  great  care  was, 
in  addition,  taken  that  the  valve  was  not  made  conical ;  for  unless 
the  back  were  exactly  parallel  with  the  face,  it  would  be  impossible 
to  keep  the  packing  from  being  rapidly  cut  away.  D  valves,  how- 
ever, are  not  much  used  in  modern  engines. 

Q.  When  you  described  the  operation  of  boring  the  cylinder, 
you  stated  that  the  cylinder,  when  laid  upon  its  side,  became  oval ; 
will  not  this  change  of  figure  distort  the  cylinder  face  1 

A.  It  is  not  only  in  the  boring  of  the  cylinder  that  it  is  necessary 
to  be  careful  that  there  is  no  change  of  figure,  for  it  will  be  im- 
possible to  face  the  valves  truly  in  the  case  of  large  cylinders  un- 
less the  cylinder  be  placed  on  end,  or  internal  props  be  introduced 
to  prevent  the  collapse  due  to  the  cylinder's  weight.  It  may  be 
added  that  the  change  of  figure  is  not  instantaneous,  but  becomes 
greater  after  some  continuance  of  the  strain  than  it  was  at  first,  so 
that  in  gauging  a  cylinder  to  ascertain  the  difference  of  diameter 
when  it  is  placed  on  its  side,  it  should  have  lain  some  days  upon 
its  side  to  ensure  the  accuracy  of  the  operation.  In  fitting  all 
engines  they  should  be  supported  as  far  as  possible  in  the  same 
Way  that  they  are  to  be  supported  in  when  set  to  work. 

Q,  How  is  any  flaw  in  the  valve  or  cylinder  face  remedied? 

A.  Should  a  hole  occur  either  in  the  valve,  in  the  cylinder,  or 

any  other  part  where  the  surface  requires  to  be  smooth,  it  may  be 

plugged  up  with  a  piece  of  cast-iron,  as  nearly  as  possible  of  the 

Same  texture.     Bore  out  the  faulty  part,  and  afterwards  widen  the 

^ole  with  an  eccentric  drill,  so  that  it  will  be  of  the  least  diameter 

^t  the  mouth.     The  hole  may  go  more  than  half  through  the  iron  ; 

^t  then  a  plug  of  cast-iron  roughly  by  filing,  and  hammer  it  into 

^he   hole,   whereby   the  plug   will  become  riveted   in   it,   and  its 

surface  may  then  be  filed  smooth.     Square  pieces  may  be  let  in 

^fter  the  same  fashion,  the  hole  being  made  dovetailed,  and  the 

"pieces  thus  fitted  will  never  come  out. 
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Q,  What  is  the  best  material  for  valve  faces  ? 

A.  Much  trouble  is  experienced  with  every  modification  of  valve 
face  ;  but  cast-iron  working  upon  cast-iron  is,  perhaps,  the  best 
combination  yet  introduced.     Formerly  the  practice  was  to  pin 
brass  faces  on  the  cylinder,  allowing  the  valve  to  ret£un  its  cast- 
iron  face.    Some  makers  employed  brass  valves  and  others  pinned 
brass  on  the  valves,  leaving  the  cylinder  with  a  cast-iron  face.    No 
doubt  much  of  this  action  was  caused  by  the  steam  being  super- 
heated.    Speculum  metal  and  steel  have  been  tried  for  the  cylin- 
der faces,  but  only  with  moderate   success.     In  some  cases  the 
brass  got  into  ruts  ;  but  the  most  prevalent  affection  was  a  degra- 
dation of  the  iron,  owing  to  the  action  of  the  steam,  and  the  face 
assumed  a  granular  appearance,  something  like  loaf-sugar.    This 
action  showed  itself  only  at  particular  spots,  and  chiefly  about  the 
angles  of  the  port  or  valve  face.     At  first  the  action  was  slow ;  but 
when  once  the  steam  had  worked  a  passage  for  itself,  the  cutting 
away  became  very  rapid,  and  in  a  very  short  time  it  was  impossible  to 
prevent  the  engine  from  heating  when  stopped,  owing  to  the  leakage 
of  steam  through  the  valve  into  the  condenser.     Malleable  iron 
pipes  were  sometimes  used,  but  they  were  speedily  worn  out  by 
oxidation,  and  the  scales  of  rust  which  were  carried  on  bylte 
steam  scratched  the  valves  and  cylinders. 

Q,  Will  you  explain  the  method  of  case-hardening  the  parts  of 
engines  ? 

A.  The  most  common  plan  for  case-hardening  consists  in  the 
insertion  of  the  articles  to  be  operated  upon  among  horn  or  leather 
cuttings,  bone  dust,  or  animal  charcoal,  in  an  iron  box  provided 
with  a  tight  lid,  which  is  then  put  into  a  furnace  for  a  period 
answerable  to  the  depth  of  steel  required.  In  some  cases  the  plan 
pursued  by  the  gunsmiths  may  be  employed  with  convenience. 
The  article  is  inserted  in  a  sheet-iron  case  amid  bone  dust,  often 
not  burned  ;  the  lid  of  the  box  is  tied  on  with  wire,  and  the  joint 
luted  with  clay  ;  the  box  is  heated  to  redness  as  quickly  as  possible 
and  kept  half  an  hour  at  a  uniform  heat ;  its  contents  are  then 
suddenly  immersed  in  cold  water.  The  more  unwieldly  portioos 
of  an  engine  may  be  case-hardened  by  prussiate  of  potash— -a  sah 
made  from  animal  substances,  composed  of  two  atoms  of  carboo 
and  one  of  nitrogen,  and  which  operates  on  the  same  principle  as 
the  charcoal.  The  iron  is  heated  in  the  fire  to  a  dull  red  heat,  and 
the  salt  is  either  sprinkled  upon  it  or  rubbed  on  in  a  lump,  or  the 
iron  is  rubbed  in  the  salt  in  powder.     The  iron  is  then  returned  to 
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the  fire  for  a  few  minutes,  and  finally  immersed  in  water.  By  some 
persons  the  salt  is  supposed  to  act  unequally,  as  if  there  were 
greasy  spots  upon  the  iron  which  the  salt  refused  to  touch,  and  the 
effect  under  any  circumstances  is  exceedingly  superficial ;  neverthe- 
less, upon  all  parts  not  exposed  to  wear,  a  sufficient  coating  of  steel 
may  be  obtained  by  this  process.  In  the  best  modem  engines, 
however,  steel  is  generally  used  for  the  working  parts  and  steel 
castings  are  used  for  the  framing. 

Q.  What  is  the  composition  of  the  brass  used  for  engine  bear- 
ings? 

A.  The  brass  bearings  of  an  engine  are  composed  principally 
of  copper  and  tin.  A  very  good  brass  for  steam-engine  bearings 
consists  of  old  copper  112  lbs.,  tin  12^  lbs.,  zinc  2  or  3  oz. ;  and  if 
new  tile  copper  be  used,  there  should  be  13  lbs.  of  tin  instead  of 
12^  lbs.  A  tough  brass  for  engine  work  consists  of  i^  lb.  tin,  i^  lb. 
zinc,  and  10  lbs.  copper  ;  a  brass  for  heavy  bearings,  2^  oz.  tin, 
^  oz.  zinc,  and  i  lb.  copper.  There  is  a  great  difference  in  the 
length  of  time  brasses  wear,  as  made  by  different  manufacturers  ; 
but  the  difference  arises  as  much  from  a  different  quantity  of  sur- 
face, as  from  a  varying  composition  of  the  metal.  Brasses  should 
always  be  made  strong  and  thick,  as  when  thin  they  collapse  upon 
the  bearing  and  increase  the  friction  and  the  wear. 

Q.  How  is  Babbit's  metal  for  lining  the  bushes  of  machinery 
compounded  ? 

A.  Babbit's,  or  soft,  metal  for  lining  bushes  is  largely  employed 
in  the  bearings  of  marine  and  locomotive  engines  and  other  ma- 
chinery :  it  is  composed  of  i  lb.  of  copper,  i  lb.  regulus  of  antimony, 
and  10  lbs.  of  tin,  or  other  similar  proportions,  the  presence  of  tin 
being  the  only  material  condition.  The  copper  is  first  melted, 
then  the  antimony  is  added,  with  a  small  portion  of  tin — charcoal 
being  strewed  over  the  surface  of  the  metal  in  the  crucible  to  pre- 
"vent  oxidation.  The  bush  or  article  to  be  lined,  having  been  cast 
i*ith  a  recess  for  the  soft  metal,  is  to  be  fitted  to  an  iron  mould, 
formed  of  the  shape  and  size  of  the  bearing  or  journal,  allowing  a 
little  in  the  size  for  the  shrinkage.  Drill  a  hole  for  the  reception 
of  the  soft  metal,  say  i  to  J  inch  diameter,  wash  the  parts  not  to  be 
tinned  with  a  clay  wash  to  prevent  the  adhesion  of  the  tin,  wet  the 
part  to  be  tinned  with  alcohol,  and  sprinkle  fine  sal-ammoniac 
Upon  it  ;  heat  the  article  until  fumes  arise  from  the  ammonia,  and 
immerse  it  in  a  kettle  of  Banca  tin,  care  being  taken  to  prevent 
Oxidation.     When  sufificiently  tinned,  the  bush  should  be  soaked  in 
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water,  to  take  off  any  particles  of  ammonia  that  may  remain  upon 
it,  as  the  ammonia  would  cause  the  metal  to  blow.     Wash  with 
pipe-clay,  and  dry  ;  then  heat  the  bush  to  the  melting  point  of  tin, 
wipe  it  clean,  and  pour  in  the  metal,  giving  it  sufficient  head  as  it 
cools ;  the  bush  should  then  be  scoured  with  fine  sand,  to  take  off 
any  dirt  that  may  remain  upon  it,  and  it  is  then  fit  for  use.    This 
metal  wears  for  a  longer  time  than  ordinary  gun-metal,  and  its  use 
is  attended  with  very  little  friction.     If  the  bearing  heats,  however, 
from  the  stopping  of  the  oil  hole  or  otherwise,  the  metal  wiU  be 
melted  out.     A  metallic  grease,  containing  particles  of  tin  in  the 
state  of  an  impalpable  powder,  would  probably  be  efficient  as  a  sub- 
stitute for  the  lining  of  metal  just  described. 

2-  Can  you  state  the  composition  of  any  other  alloys  that  arc 
used  in  engine  work  } 

A.  The  ordinary  range  of  good  yellow  brass  that  files  and  turns 
well  is  about  4J  to  9  ounces  of  zinc  to  the  pound  of  copper. 
Flanges  to  stand  brazing  may  be  made  of  copper  i  lb.,  zinc  \  oz., 
lead  %  oz.  Brazing  solders,  when  stated  in  the  order  of  their 
hardness,  are  :— three  parts  copper  and  one  part  zinc  (very  hard  I 
eight  parts  brass  and  one  part  zinc  (hard) ;  six  parts  brass,  one 
part  tin,  and  one  part  zinc  (soft).  A  ver>'  common  solder  for  iron, 
copper,  and  brass  consists  of  nearly  equal  parts  of  copper  and 
zinc.  Muntz's  metal  consists  of  forty  parts  zinc  and  sixty  of 
copper.  Any  proportions  between  the  extremes  of  fifty  parts  of 
zinc  and  fifty  parts  copper,  and  thirty-seven  zinc  and  sixty-three 
copper,  will  roll  and  work  at  a  red  heat,  but  forty  zinc  to  sixty 
copper  are  the  proportions  preferred.  Bell-metal,  such  as  is  used 
for  large  bells,  consists  of  4^  ounces  to  5  ounces  of  tin  to  the  pound 
of  copper  ;  speculum  metal  consists  of  from  7  J  ounces  to  %\  ounces 
of  tin  to  the  pound  of  copper. 

ERECTION  OF   ENGINES. 

Q.  Will  you  describe  the  method  pursued  in  erecting  oscillating 
engines  ? 

A.  The  columns  here  are  of  wrought-iron,  and  in  the  casc<^ 
small  engines  there  is  a  template  made  of  wood  and  sheet-iron,  in 
which  the  holes  are  set  in  the  proper  pcsitions,  by  which  the  uppcf 
and  lower  frames  are  adjusted ;  but  in  the  case  of  large  engines, 
the  holes  are  set  off  by  means  of  trammels.  The  holes  for  the 
reception  of  the  columns  are  cast  in  the  frames,  and  are  recessed 
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out  internally ;  the  bosses  encircling  the  holes  are  made  quite 
level  across,  and  made  ver)'  true  with  a  face  plate ;  and  the  pillars, 
which  have  been  turned  to  a  gauge,  are  then  inserted.  The  top 
frame  is  next  put  on,  and  must  bear  upon  the  collars  of  the  columns 
so  evenly  that  one  of  the  columns  will  not  be  bound  by  it  harder 
than  another.  If  this  point  be  not  attained,  the  surfaces  must  be 
further  scraped  until  a  perfect  fit  is  established.  The  whole  of 
the  bearings  in  the  best  oscillating  engines  are  fitted  by  means  of 
scraping,  and  on  no  other  mode  of  fitting  can  the  same  reliance  be 
placed  for  exactitude. 

(2.  How  do  you  set  out  the  trunnions  of  oscillating  engines,  so 
that  they  shall  be  at  right  angles  with  the  interior  of  the  cylinder  ? 

A.  Having  bored  the  cylinder,  faced  the  flange,  and  bored  out 
the  hole  through  which  the  boring-bar  passes,  put  a  piece  of  wood 
across  the  mouth  of  the  cylinder,  and  jam  it  in,  and  put  a  similar 
piece  in  the  hole  through  the  bottom  of  the  cylinder.  Mark  the 
centre  of  the  cylinder  upon  each  of  these  pieces,  and  put  into  the 
bore  of  each  trunnion  an  iron  plate,  with  a  small  indentation  in 
the  middle  to  receive  the  centre  of  a  lathe,  and  adjusting  screws 
to  bring  the  centre  into  any  required  position.  The  cylinder  must 
then  be  set  in  a  lathe,  and  hung  by  the  centres  of  the  trunnions, 
and  a  straight-edge  must  be  put  across  the  cylinder  mouth  and 
levelled,  so  as  to  pass  through  the  line  in  which  the  centre  of  the 
cylinder  lies.  Another  similar  straight-edge,  and  similarly  levelled, 
must  be  similarly  placed  across  the  cylinder  bottom,  so  as  to  pass 
through  the  central  line  of  the  cylinder  ;  and  the  cylinder  is  then 
to  be  turned  round  in  the  trunnion  centres,  the  straight-edges 
remaining  stationary^,  which  will  at  once  show  whether  the  trun- 
nions are  in  the  same  horizontal  plane  as  the  centre  of  the  cylinder, 
and  if  not,  the  screws  of  the  plates  in  the  trunnions  must  be  ad- 
justed until  the  central  point  of  the  cylinder  just  comes  to  the 
straight-edge,  whichever  end  of  the  cylinder  is  presented.  To 
ascertain  whether  the  trunnions  stand  in  a  transverse  plane, 
parallel  to  the  cylinder  flange,  it  is  only  necessary'  to  measure 
down  from  the  flange  to  each  trunnion  centre  ;  and  if  both  these 
conditions  are  satisfied,  the  position  of  the  centres  may  be  sup- 
posed to  be  right.  The  trunnion  bearings  are  then  turned,  and 
are  fitted  into  blocks  of  wood,  in  which  they  run  while  the  packing 
space  is  being  turned  out.  Where  many  oscillating  engines  are 
made,  a  lathe  with  four  centres  is  used,  which  makes  the  use  of 
straight-edges  in  setting  out  the  trunnions  superfluous. 
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Q,  Will  you  explain  how  the  slide-valve  of  a  marine  engine 
without  link  motion  is  set  ? 

A.  Place  the  crank  in  the  position  corresponding  to  the  end  of 
the  stroke,  which  can  easily  be  done  in  the  shop  with  a  level  or 
plumb-line  ;  but  in  a  steam  vessel  another  method  becomes  neces- 
sary.    Draw  the  transverse  centre  line,  answering  to  the  centre 
line  of  the  crank-shaft,  on  the  sole-plate  of  the  engine,  or  on  the 
cylinder  mouth  if  the  engine  be  of  the  direct-action  kind  ;  describe 
a  circle  of  the  diameter  of  the  crank-pin  upon  the  large  eye  of  the 
crank,  and  mark  off  on  either  side  of  the  transverse  centre  line  a 
distance  equal  to  the  semi-diameter  of  the  crank-pin.     From  the 
point  thus  found,  stretch  a  line  to  the  edge  of  the  circle  described 
on  the  large  eye  of  the  crank,  and  bring  round  the  crank-shaft  till 
the  crank-pin  touches  the  stretched  line  ;  the  crank  will  thus  be 
set  at  either  end  of  its  stroke.     When  the  crank  is  thus  placed  at 
the  end  of  the  stroke,  the  valve  must  be  adjusted  so  as  to  have  the 
amount  of  lead,  or  opening  on  the  steam  side,  which  it  is  intended 
to  give  at  the  beginning  of  the  stroke  ;  the  eccentric  must  then  be 
turned  round  upon  the  shaft  until  the  notch  in  the  eccentric-rod 
comes  opposite  the  pin  on  the  valve-lever  on  which  it  works  and 
falls  into  gear.     Mark  upon  the  shaft  the  situation  of  the  eccentric, 
and  put  on  the  catches  to  drive  the  eccentric,  supposing  it  to  be 
loose  upon  the  shaft  and  formed  with  balance  weights.     The  same 
process  must  be    repeated   for   going  astern,  shifting  round  the 
eccentric  to  the  opposite  side  of  the  shaft,  until  the  rod  again  falls 
into  gear.     In  setting  valves,  regard  must,  of  course,  be  had  to 
the  kind  of  engine,  the  arrangement  of  the  levers,  and  the  kind  ^ 
valve  employed  ;  and  in  any  general  instructions  it  is  impossible 
to  specify  every  modification  in  the  procedure  that  circumstances 
may  render  advisable. 

Q.  Is  a  similar  method  of  setting  the  valve  adopted  when  the 
link  motion  is  employed  1 

A.  Each  end  of  the  link  of  the  link  motion  has  the  kind  of 
motion  communicated  to  it  that  is  due  to  the  action  of  the  particular 
eccentric  with  which  that  end  is  in  connection.  In  that  form  of 
the  link  motion  in  which  the  link  itself  is  moved  up  or  down,  there 
is  a  different  amount  of  lead  for  each  different  position  of  the  linki 
since  to  raise  or  lower  the  link  is  tantamount  to  turning  the  eccen- 
tric round  on  the  shaft.  In  that  form  of  the  link  motion  in  which 
the  link  itself  is  not  ra  sod  or  lowered,  but  is  susceptible  of  a 
motion  round  a  centre  in  the  manner  of  a  double-ended  lever,^the 
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lead  continues  uniform.     In  both  forms  of  the  link  motion,  as  the 
stroke  of  the  valve  may  be  varied  to  any  required  extent  while  the 
lap  is  a  constant  quantity,  the  proportion  of  the  lap  relatively  to 
the  stroke  of  the  valve  may  also  be  varied  to  any  required  extent, 
and  the  amount  of  the  lap  relatively  with  the  stroke  of  the  valve 
determines  the  amount  of  the  expansion.     In  setting  the  valve 
when  fitted  with  the  link  motion,  the  mode  of  procedure  is  much 
the  same  as  when  it  is  moved  by  a  simple  eccentric.    The  first 
thing  is  to  determine  if  the  eccentric  rods  are  of  the  proper  length, 
and  this  is  done  by  setting  the  valve  at  half-stroke  and  turning 
round  the  eccentric,  marking  each  extremity  of  the  travel  of  the 
ends  of  the  rods.  The  valve  attachment  should  be  midway  between 
these  extremes ;  and  if  it  is  not  so,  it  must  be  made  so  by  lengthen- 
ing or  shortening  the  rods.     The  forward  and  backward  eccentric 
rods  are  to  be  adjusted  in  this  way,  and  this  being  done,  the 
engine  is  to  be  put  to  the  end  of  the  stroke,  and  the  eccentric  is  to 
be  turned  round  until  the  amount  of  lead  has  been  given  that  is 
desired.    The  valve  must  be  tried  by  turning  the  engine  round  to 
see  that  it  is  right  at  both  centres,  for  going  ahead  and  also  for 
going  astern.     In  some  examples  of  the  link  motion,  one  of  the 
eccentric  rods  is  made  a  little  longer  than  the  other,  and  the 
position  of  the  point  of  suspension  or  point  of  support  powerfully 
influences  the  action  of  the  link  in  certain  cases,  especially  if  the 
link  and  this  point  are  not  in  the  same  vertical  line.    To  reconcile 
all  the  conditions  proper  to  the  satisfactory  operation  of  the  valve 
in  the  construction  of  the  link  motion,  is  a  problem  requiring  a 
good  deal  of  attention  and  care  for  its  satisfactory  solution ;  and 
to  make  sure  that  this  result  is  attained,  the  engine  must  be  turned 
round  a  sufficient  number  of  times  to  enable  us  to  ascertain  if  the 
Valve  occupies  the  desired  position,  both  at  the  top  and  bottom 
Centres,  whether  the  engine  is  going  ahead  or  astern.    This  should 
alsQ  be  tried  with  the  starting  handle  in  the  different  notches,  or, 
in  other  words,  with  the  sliding  block  in  the  slot  or  opening  of  the 
link  in  different  positions. 

MANAGEMENT  OF  MARINE  ENGINES. 

Q.  What  are  the  most  important  of  the  points  which  suggest 
themselves  to  you  in  connection  with  the  management  of  marine 
^gines,  especially  as  regards  the  safety  and  preservation  of  the 
filers  and  machinery  and  the  preparations  against  accidents  "i 
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A.  The  attendants  upon  engines  should  prepare  themselves 
for  any  casualty  that  may  arise,  by  considering  possible  cases  of 
derangement,  and  deciding  in  what  way  they  would  act  should 
certain  accidents  occur.  The  course  to  be  pursued  must  have 
reference  to  particular  engines,  and  no  general  rules  can  therefore 
be  given  ;  but  every  marine  engineer  should  be  prepared  with  the 
measures  to  be  pursued  in  the  emergencies  in  which  he  may  be 
called  upon  to  act,  and  where  everything  may  depend  upon  his 
energy  and  decision. 

Q,  What  is  the  first  point  of  a  marine  engineer's  duty  1 

A.  The  safe  custody  of  the  boilers     He  must  see  that  the  feed 
is  maintained,  being  neither  too  high  nor  too  low,  and  should  enter 
in  the  log-book  the  pressure  of  steam,  number  of  revolutions  of 
the  engine,  and  any  other  particulars  which  have  to  be  recorded 
The  economical  use  of  the  fuel  is  another  matter  which  should 
receive  particular  attention.     If  the  coal  is  very  small,  it  should 
te  wetted  before  being  put  on  the  fire.     Next  to  the  safety  of  the 
boiler,  the  bearings  of  the  engine  are  the  most  important  considera- 
tion.    These  points,  indeed,  constitute  the  main  parts  of  the  duty 
of  an  engineer,  supposing  no  accident  to  the  machinery  to  have 
taken  place. 

Q.  If  the  eccentric  catches  or  hoops  were  disabled,  how  would 
you  work  the  valve  "i 

A.  If  the  eccentric  catches  or  hoops  break  or  come  off,  and  the 
damage  cannot  readily  be  repaired,  the  valve  may  be  worked  by 
attaching  the  end  of  the  starting  handle  to  any  convenient  part  of 
the  other  engine,  or  to  some  part  in  connection  with  the  connecting 
rod  of  the  same  engine. 

Q,  What  would  you  do  if  a  crank  pin  broke  ? 

A,  If  the  crank  pin  breaks  in  a  paddle- vessel  with  two  engines* 
the  other  engine  must  be  made  to  work  one  wheel  In  a  screw 
vessel  the  same  course  may  be  pursued,  provided  the  broken  crank 
is  not  the  one  through  which  the  force  of  the  other  engine  is  com- 
municated to  the  screw.  In  such  a  case  the  vessel  will  be  as  madi 
disabled  as  if  she  broke  the  screw  shaft  or  screw. 

Q.  Will  the  unbroken  engine,  in  the  case  of  disarrangement  of 
one  of  the  two  engines  of  a  screw  or  paddle  vessel,  be  able  of  itself 
to  turn  the  centre  } 

A.  It  will  sometimes  happen,  when  there  is  much  lead  upon 
the  slide  valve,  that  the  single  engine,  on  being  started,  cannot  be 
^'ot  to  turn  the  centre  if  there  be  a  strong  opposing  wind  and  sea ; 
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the  piston  going  up  to  near  the  end  of  the  stroke,  and  then  coming 
down  again  without  the  crank  being  able  to  turn  the  centre.  In 
such  cases,  it  will  be  necessary  to  turn  the  vessel's  head  sufficiently 
from  the  wind  to  enable  some  sail  to  be  set ;  and  if  once  there  is 
weigh  got  upon  the  vessel  the  engine  will  begin  to  work  properly, 
and  will  continue  to  do  so  though  the  vessel  be  put  head  to  wind 
as  before. 

Q.  What  should  be  done  if  a  crack  shows  itself  in  any  of  the 
shafts  or  cranks  ? 

A,  If  the  shafts  or  cranks  crack,  the  engine  may  nevertheless 
be  worked  with  moderate  pressure  to  bring  the  vessel  into  port ; 
but  if  the  crack  be  very  bad,  it  will  be  expedient  to  fit  strong  blocks 
of  wood  under  the  main  working  parts  to  prevent  the  cylinder 
bottom  or  cover  from  being  knocked  out,  should  the  damaged  part 
give  way.  The  same  remark  is  applicable  when  flaws  are  discovered 
in  any  of  the  main  parts  of  the  engine,  whether  they  be  malleable 
or  cast  iron ;  but  they  must  be  carefully  watched,  so  that  the 
engines  may  be  stopped  if  the  crack  is  extending  further.  Should 
fracture  occur,  the  first  thing  obviously  to  be  done  is  to  stop  the 
engines  ;  and  should  there  be  much  weigh  on  the  vessel,  the  steam 
should  at  once  be  thrown  on  the  reverse  side  of  the  piston,  so  as  to 
counteract  the  pressure  of  the  paddle  wheel. 

0-  Have  you  any  information  to  ofifer  relative  to  the  lubrication 
of  engine-bearings  ? 

A.  The  best  mode  of  lubrication  would  be  to  have  an  oil  pump, 
to  send  oil  to  all  the  important  bearings  both  to  lubricate  and  cool 
them,  with  return  pipe  to  pump.  But  failing  this  a  mechanical 
oil-cup  may  be  employed.  A  ratchet  wheel  is  fixed  upon  a  little 
shaft  which  passes  through  the  side  of  the  oil-cup,  and  is  put  into 
slow  revolution  by  a  pendulum  attached  to  its  outside,  and  in  re- 
volving it  lifts  up  little  buckets  of  oil  and  empties  them  down  a 
funnel  upon  the  centre  of  the  bearing.  Instead  of  buckets  a  few 
short  pieces  of  wire  are  sometimes  hung  on  the  internal  revolving 
'wheel,  the  drops  of  oil  which  adhere  on  rising  from  the  liquid  being 
deposited  upon  a  high  part  set  upon  the  funnel,  and  which,  in 
their  revolution  the  hanging  wires  touch.  By  this  plan,  however, 
ttc  oil  is  not  well  supplied  at  low  speeds,  as  the  drops  fall  before 
the  wires  are  in  the  proper  position  for  feeding  the  journal. 
-Another  lubricator  consists  of  a  cock  or  plug  inserted  in  the  neck 
^  the  oil-cup,  and  set  in  revolution  by  a  pendulum  and  ratchet 
^'heel,  or  any  other  means.    There  is  a  small  cavity  in  one  side  of 
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What  to  do  if  Bearings  Heat. 

the  plug  which  is  lilled  with  oil  when  that  side  is  uppermost,! 
delivers  tlie  oil  through  the  holtoin  pipe  when  it  ci 

Q.  What  are  the  prevailing  causes  of  the  heating  of  beam 

A.  Bad  fitting,  deficient  surface,  and  too  light  screwing  d 
Sometimes  the  oil  hole  will  choke,  or  the  syphon  wick  widely  em- 
ployed for  conducijng  the  oil  from  tlie  oil  cup  into  the  central  pip 
leading  to  the  bearing  will  become  clogged  with  mucilage  itaxa  the 
oil.  in  some  cases  bearings  heat  from  the  existence  of  a  cruclfonn 
groove  on  the  top  brass  for  the  distribution  of  the  oil,  the  effect  of 
which  is  to  leave  the  top  of  the  bearings  dry.  In  the  case  of  re- 
volving Journals  the  plan  of  cutting  a  cruciform  chaonel  tor  ilie 
distribution  of  the  oil  docs  not  do  much  damage  ;  but  in  oib" 
n  beam  journals,  for  instance,  it  is  most  injurious,  tsA 
the  brasses  cannot  wear  well  wherever  the  plan  is  pursued.  The 
right  way  is  to  make  a  horizontal  groove  along  the  brass  where  it 
s  the  upper  surface  of  the  bearing,  so  that  the  oil  may  be  dl 
deposited  on  the  highest  point  of  the  journal,  leaving  the  force  of 
gravity  to  send  it  downwards.  This  channel  should,  of  coiuK. 
^top  short  a  small  distance  from  each  flange  of  the  brass,  otherwise 
the  oil  would  run  out  at  the  ends. 

Q.   If  a  bearing  heals,  what  is  to  be  done  ? 

A.  The  first  thing  is  to  relax  the  screws,  slow  or  stop  the  cnginf  ■ 
and  cool  the  bearing  with  water,  and  if  it  is  very  hot,  then  ^'' 
water  may  be  first  employed  to  cool  it,  and  then  cold.  Oil  »i'!' 
sulphur  intermingled  is  then  to  be  administered,  and  as  ihep''-- 
cool  down,  the  screws  may  be  again  cautiously  lightened,  so  »J  '>' 
lake  any  jump  off  the  engine  from  the  bearing  being  too  slact 
The  bearings  of  direci-acting  screw  engines  require  constant  waidi 
ing,  as,  if  there  be  any  disposition  to  heat  manifested  by  ihrn'- 
ihey  wili  probably  heat  with  great  rapidity,  from  the  high  \-eloci:' 
at  which  the  engines  work.  Every  important  bearing  of  adim: 
acting  screw  engine  should  have  a  cock  of  water  laid  on  to  iu  wli"  '- 
may  be  immediately  opened  wide  should  heating  occur ;  and  it  ■ 
advisable  to  work  the  engine  constantly,  partly  with  water,  .if ' 
partly  with  oil  applied  to  the  bearings.  The  water  and  oil  j-' 
mixed  by  [he  friction  into  a  species  of  soap,  which  both  cool*  i"'! 
lubricates,  and  less  oil  moreoi'er  is  used  than  if  water  wcrcnc**" 
ployed.  It  is  proper  to  turn  off  the  water  some  time  before  Ae 
engine  is  stopped,  so  as  to  prevent  the  rusting  of  the  bearings  !■-  J 
modem  engines  an  oil-pipe  is  led  to  each  important  bearing. 
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OF  LOCOMOTlVEa 

Q.  What  are  the  chief  duties  of  the  engine-driver  of  a  locomo- 
tive ? 

A.  His  first  duties  arc  iliose  which  concern  the  safely  of  the 
train  ;  his  next  those  which  concern  the  safety  and  right  manage- 
ment of  the  engine  and  boiler.  The  engine-driver's  first  solicitude 
should  be  relative  to  the  obsenation  and  right  interpretation  oi 
tlie  signals  ;  and  it  is  only  after  these  demands  upon  his  attention 
have  been  salisfied  that  he  can  look  to  the  slate  of  his  engine. 

Q.  .\s  regards  the  engine  and  boiler,  what  should  his  main 
duties  be  ? 

A.  The  engineer  of  a  locomotive  should  constantly  be  upon  the 
footboard  of  the  engine,  so  that  the  regulator,  the  whistle,  or  Ihe 
reversing  handle  may  be  used  instantly  if  necessary ;  he  must  see 
that  the  level  of  the  water  in  the  boiler  is  duly  maintained,  and 
that  the  steam  is  kept  at  a  uniform  pressure.  In  feeding  the  boilers 
with  water,  and  the  furnaces  with  fuel,  a  good  deal  of  care  and  some 
tact  is  necessary,  as  irregularity  in  the  production  of  steam  will 
often  occasion  priming,  even  though  the  water  be  maintained  at  a 
uniform  level ;  andanexcessof  water  will  of  itself  occasion  priming, 
while  a  deficiency  is  a  source  of  obvious  danger.  The  engine  is 
generally  furnished  with  three  gauge  cocks,  and  water  should 
always  come  out  of  the  second  gauge  cock,  and  steam  out  of  the 
lop  one  when  the  engine  is  running ;  but  when  the  engine  is  at 
rest,  the  water  in  the  boiler  is  lower  than  when  in  motion,  so  that 
vhen  the  engine  is  at  rest,  the  water  will  be  high  enough  if  it  just 
reaches  to  the  middle  gauge  cock.  In  all  boilers  which  generate 
steam  rapidly,  the  volume  of  the  water  is  increased  by  the  mingled 
steam,  and  in  feeding  with  cold  water  the  level  at  first  falls ;  but  it 
rises  on  opening  the  safely  \-alve,  which  causes  the  steam  in  the 
water  to  swell  to  a  larger  volume.  In  locomotive  boilers,  the  rise 
of  the  water-level  due  to  the  rapid  generation  of  steam  is  termed 
'false  water.'  To  economise  fuel,  the  link  motion,  or  other  valve 
motion,  should  be  adjusted  to  the  load,  and  the  blast  pipe  should  be 
worked  with  the  least  possible  contraction ;  and  at  stations  the 
damper  should  be  closed  to  prevent  the  dissipation  of  heat. 

Qt  In  starting  6'om  a  station,  what  precautions  should  be  ob- 
served with  respect  to  the  feed.' 

A.  In  starting  from  a  station,  and  also  in  ascending  inclined 
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planes,  the  feed  water  is  generally  shut  off ;  and  therefore  before 
stopping  or  ascending  inclined  planes,  the  boiler  should  be  well 
filled  up  with  water.  In  descending  inclined  planes  an  extra 
supply  of  water  may  be  introduced  into  the  boiler,  and  the  fire 
may  be  fed,  as  there  is  at  such  times  a  superfluity  of  steam.  In 
descending  inclined  planes  the  regulator  must  be  partially  closed, 
and  it  should  be  entirely  closed  if  the  plane  be  very  steep.  The 
same  precaution  should  be  observed  in  the  case  of  curves,  or 
rough  places  on  the  line,  and  in  passing  over  points  or  crossings. 

Q.  In  approaching  a  station  how  should  the  supply  of  water 
and  fuel  be  regulated  .»* 

A.  The  boiler  should  be  well  filled  with  water  on  approaching 
a  station,  as  there  is  then  steam  to  spare,  and  additional  water 
cannot  be  so  conveniently  supplied  when  the  engine  is  stationar)'. 
The  furnace  should  be  fed  with  small  quantities  of  fuel  at  a  time, 
and  the  feed  should  be  turned  off  just  before  a  fresh  supply  of  fod 
is  introduced.  The  regulator  may,  at  the  same  time,  be  partially 
closed ;  and  if  the  blast  pipe  be  a  variable  one,  it  will  be  expedient 
to  open  it  widely  while  the  fuel  is  being  introduced,  to  check  the 
rush  of  air  in  through  the  furnace  door,  and  then  to  contract  it 
very  much  so  soon  as  the  furnace  door  is  closed,  in  order  to  ^^ 
cover  the  fire  quickly.  The  proper  thickness  of  coke  upon  the 
grate  depends  upon  the  intensity  of  the  draught ;  but  in  heavily 
loaded  engines  it  is  usually  kept  up  to  the  bottom  of  the  fire-door. 
Care,  however,  must  be  taken  that  the  coke  does  not  reach  up  to 
the  bottom  row  of  tubes  so  as  to  choke  them  up.  The  fuel  is 
usually  disposed  on  the  grate  like  a  vault ;  and  if  the  fire-box  be 
a  square  one,  it  is  heaped  high  in  the  comers,  the  better  to  main- 
tain the  combustion. 

Q.  How  can  you  tell  whether  the  feed  pumps  are  operating 
properly  ? 

A,  To  ascertain  whether  the  pumps  are  acting  well,  the  pet 
cock  must  be  turned,  and  if  any  of  the  valves  stick  they  will  some- 
times be  induced  to  act  again  by  working  with  the  pet  cock  open» 
or  alternately  open  and  shut.  Should  the  defect  arise  from  a 
leakage  of  steam  into  the  pump,  which  prevents  the  pump  from 
drawing,  the  pet  cock  remedies  the  evil  by  permitting  the  steam 
to  escape. 

Q,  What  precautions  should  be  taken  against  priming  ia  loco- 
motives 1 

A.  Should  priming  occur  from  the  water  in  the  boiler  being 
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dirty,  a  portion  of  it  may  be  blown  out ;  and  should  there  be  much 
boiling  down  through  the  glass  gauge  tube  the  stop  cock  may  be 
partially  closed.  The  water  should  be  wholly  blown  out  of  loco- 
motive boilers  three  times  a  week,  and  at  those  times  two  mud- 
hole  doors  at  opposite  comers  of  the  boiler  should  be  opened,  and 
the  boiler  be  washed  internally  by  means  of  a  hose.  If  the  boiler 
be  habitually  fed  with  dirty  water,  the  priming  will  be  a  constant 
source  of  trouble. 

Q.  What  measures  should  the  locomotive  engineer  take,  to 
check  the  velocity  of  the  train,  on  approaching  a  station  where  he 
has  to  stop  } 

A.  On  approaching  a  station  the  regulator  should  be  gradually 
closed,  and  it  should  be  completely  shut  about  half  a  mile  from 
the  station  if  the  train  be  a  very  heavy  one :  the  train  may  then 
be  brought  to  rest  by  means  of  the  brakes.  Too  much  reliance, 
howiever,  must  not  be  put  upon  the  brakes,  as  they  sometimes  give 
way,  and  in  frosty  weather  are  nearly  inoperative.  In  cases  of 
urgency  the  steam  may  be  thrown  upon  the  reverse  side  of  the 
piston,  but  it  is  desirable  to  obviate  this  necessity  as  far  as  possible. 
At  terminal  stations  the  steam  should  be  shut  off  earlier  than  at 
roa<lside  stations,  as  a  collision  will  take  place  at  terminal  stations 
if  the  train  overshoots  the  place  where  it  ought  to  stop.  There 
should  always  be  a  good  supply  of  water  when  the  engine  stops, 
bat  the  fire  may  be  suffered  g^radually  to  bum  low  towards  the 
conclusion  of  the  joumey. 

Q.  What  is  the  duty  of  an  engine  man  on  arriving  at  the  end 
erf  his  joamey  } 

A,  So  soon  as  the  engine  stops  it  should  be  wiped  down,  and 

be  then  carefully  examined :  the  brasses  should  be  tried,  to  see 

whether  they  are  slack  or  have  been  heating ;  and,  by  the  applica- 

ticm  of  a  gauge,  it  should  be  ascertained  occasionally  whether  the 

wheels  are  square  on  their  axles,  and  whether  the  axles  have  end 

play,  which  should  be  prevented.      The  stuffing-boxes  must  be 

tightened,  and  the  valve  gear  examined,  and  the  eccentrics,  if  not 

fbrged  on,  be  looked  at  to  see  that  they  have  not  shifted  on  their 

axles,  though  this  defect  will  be  generally  intimated  by  the  irregular 

beating  of  the  engines.     The  tubes  should  also  be  examined  and 

cleaned  out,  and  the  ashes  emptied  out  of  the  smoke-box  through 

the  small  ash  door  at  the  end.     If  the  engine  be  a  six-wheeled 

one,  with  the  driving  wheels  in  the  middle,  it  will  be  liable  to 

pitch  and  oscillate  if  too  much  weight  be  thrown  upon  the  driving 
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wheels  ;  and  where  such  fauhs  are  found  to  exist,  the  weight  upon 
the  driving  wheels  should  be  diminished.    The  practice  of  blowing 
off  the  boiler  by  the  steam,  as  is  always  done  in  marine  boilers, 
should  not  be  permitted  as  a  general  rule  in  locomotive  boilers 
when  the  tubes  are  of  brass  and  the  fire-box  of  copper ;  but  when 
the  tubes  and  fire-boxes  are  of  iron,  there  will  not  be  an  equal 
risk  of  injury.     Before  starting  on  a  journey,  the  engine  man 
should  take  a  summary  glance  beneath  the  engine — ^but  before 
doing  so  he  ought  to  assure  himself  that  no  other  engine  is  coming 
up  at  the  time.     The  regulator,  when  the  engine  is  standing,  should 
be  closed   and  locked,  and  the  link   should   be  secured  in  mid 
position,  and  the  tender  break  screwed  down  ;  the  cocks  of  the  oil 
cups  should  at  the  same  time  be  shut,  but  should  all  be  opened 
a  short  time  before  the  train  starts. 

Q.  What  should  be  done  if  a  tube  bursts  in  the  boiler? 

A.  When  a  tube  bursts,  a  wooden  or  iron  plug  must  be  driven 
into  each  end  of  it,  and  if  the  water  or  steam  be  rushing  out  so 
fiercely  that  the  exact  position  of  the  imperfection  cannot  be  dis- 
covered, it  will  be  advisable  to  diminish  the  pressure  by  increasing 
the  supply  of  feed  water.  Should  the  leak  be  so  g^at  that  the 
level  of  the  water  in  the  boiler  cannot  be  maintained,  it  will  be 
expedient  to  drop  the  bars  and  quench  the  fire,  sq  as  to  preserve 
the  tubes  and  fire-box  from  injury. 

Q.  If  any  of  the  working  parts  of  a  locomotive  break  or  become 
deranged,  what  should  be  done  ? 

A.  Should  the  piston  rod  or  connecting  rod  break,  or  the 
cutters  fall  out  or  be  clipped  off— as  sometimes  happens  to  the 
piston  cutter  when  the  engine  is  suddenly  reversed  upon  a  heavy 
train — the  parts  should  be  disconnected,  if  the  connection  cannot 
be  restored,  so  as  to  enable  one  engine  to  work ;  and  of  course 
the  valve  of  the  faulty  engine  must  be  kept  closed.  If  one  engine 
has  not  power  enough  to  enable  the  train  to  proceed  with  the 
blast  pipe  full  open,  the  engine  may  perhaps  be  able  to  take  on  a 
part  of  the  carriages,  or  it  may  run  on  by  itself  to  fetch  assistance 
The  same  course  must  be  pursued  if  any  of  the  valve  gearing 
becomes  deranged,  and  the  defects  cannot  be  rectified  upon  the 
spot. 

Q.  What  are  the  most  usual  causes  of  railway  collisions  ? 

A.  Probably  fogs  and  inexactness  in  the  time  kept  by  th« 
trains.  Collisions  have  sometimes  occurred  from  carriages  hanng 
been  blown  from  a  siding  on  to  the  rails  by  a  high  wind  ;  and  the 
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slippery  state  of  the  rails,  or  the  fracture  of  a  brake,  has  sometimes 
occasioned  collisions  at  terminal  stations.  Collision  has  also  re- 
peatedly taken  place  from  one  engine  having  overtaken  another, 
from  the  failure  of  a  tube  in  the  first  engine,  or  from  some  other 
slight  disarrangement ;  and  collision  has  also  taken  place  from 
the  switches  having  been  accidentally  so  left  as  to  direct  the  train 
into  a  siding,  instead  of  continuing  it  on  the  main  line.  Every 
train  now  carries  fog  signals.  These  are  detonating  packets,  which 
are  fixed  upon  the  rails  in  advance  or  in  the  rear  of  any  train  that, 
whether  from  getting  off  the  rails  or  othen\'ise,  is  stopped  upon 
the  line.  The  signals  are  exploded  by  the  wheels  of  any  approach- 
ing train. 

Q,  What  other  duties  of  an  engine-driver  are  there  deserving 
attention  ? 

A.  They  are  too  various  to  be  all  enumerated  here,  and  they 
also  vary  somewhat  with  the  nature  of  the  service.  One  rule, 
however,  of  universal  application,  is  for  the  driver  to  look  after 
matters  himself,  and  not  delegate  to  the  stoker  the  duties  which 
the  person  in  charge  of  the  engine  should  properly  perform. 
Before  leaving  a  station,  the  engine-driver  should  assure  himself 
that  he  has  the  requisite  supply  of  coke  and  water.  Besides  the 
firing  tools  and  rakes  for  clearing  the  tubes,  he  should  have  with 
him  in  the  tender  a  set  of  signal  lamps  and  torches,  for  tunnels 
and  for  night,  detonating  signals,  screw  keys,  a  small  tank  of  oil, 
a  small  cask  of  tallow,  and  a  small  box  of  waste,  a  coal  hammer, 
a  chipping  hammer,  some  wooden  and  iron  plugs  for  the  tubes, 
and  an  iron  tube-holder  for  inserting  them,  one  or  two  buckets,  a 
screw  jack,  wooden  and  iron  wedges,  split  wire  for  pins,  spare 
cutters,  some  chisels  and  files,  a  pinch  bar,  oil  cans  and  an  oil 
syringe,  a  chain,  some  spare  bolts,  and  some  cord,  spun  yarn  and 
rope. 
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CHAPTER  XI. 
AIR  AND  GAS  ENGINES. 

GENERAL    PRINCIPLES. 

Q,  Having  now  disposed  of  the  subject  of  the  steam  engine  in 
its  various  forms,  will  you  state  the  qualities  and  prospects  of  other 
thermo-dynamic  motors  which  may  be  used  as  alternative  sources 
of  power  } 

A,  The  only  other  thermo-dynamic  motors  which  have  created 
any  permanent  interest,  or  obtained  much  attention,  are  air  engines 
and  gas  engines,  and  of  each  of  these  kinds  of  engines,  numerous 
varieties  have  been  presented. 

Q.  What  are  the  essential  points  of  difference  between  «r 
engines  and  gas  engines  ? 

A.  The  most  material  is,  that  in  theaiV  engine  the  heat  iscflffl- 
municated  to  the  air  from  some  external  source,  in  much  the  same 
way  in  which  heat  is  communicated  to  the  water  in  a  steam  boiler 
by  a  fire  ;  whereas  in  the  gas  engine  the  heat  is  injected  into  the 
engine  in  the  form  of  gas,  and,  being  mixed  with  the  proper  pro- 
portion of  air,  and  ignited  within  the  cylinder,  it  generates  heat  and 
consequently  power.  There  are  some  forms  of  engine,  however, 
which  do  not  properly  fall  under  either  definition.  But  they  are 
not  of  sufficient  importance  to  require  special  notice  here. 

Q,  You  have  already  stated  that  the  specific  heat  of  air  is  •2377> 
that  of  water  being  i,  so  that  an  amount  of  heat  which  would  raise 
a  pound  of  water  i  degree  would  raise  a  pound  of  air  4*207  degrees. 

A.  Yes,  that  is  the  specific  heat  of  air  under  constant  pressure, 
or  as  it  is  often  more  briefly  stated  in  figures,  it  is  -238.  The 
specific  heat  of  air  under  a  constant  volume  is  -169. 

Q.  Why  are  these  amounts  different  ? 

A.  When  air  is  heated  in  a  vessel  which  hinders  its  \*olufl* 
from  enlarging,  there  is  no  consumption  of  heat,  as  a  consequence 
of  that  enlargement,  required  to  keep  the  temperature  up  ;  whciO* 
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if  ihe  pressure  be  kopi  ■imsiant,  the  volume  must  be  incrc^ised 
when  heat  is  applied,  and  the  larger  figure  quoted  as  the  specific 
heat  represents  the  heat  necessary  10  be  imparted  both  10  maintain 
the  temperature  and  satisfy  the  enlargement.  The  ditTerence  of 
■069  between  ihe  two  specific  heals  Is  in  reality  latent  heat. 

Q.  What  is  the  general  principle  on  wliicli  thcrmo-dynamic 
motors  act  ? 

A.  All  substances  successively  exposed  to  two  different  tem- 
peratures will  necessarily  generate  power,  and  in  the  production  of 
that  power  there  will  be  heat  consumed  of  equivalent  v;ilue  In  the 
power  generated.  The  greater  the  extremes  of  temperature  the 
larger  will  be  (he  proportion  of  heal  transformed  Into  power.  TboE« 
substances  therefore  are  the  most  suitable  for  the  generation  of 
power  which  can  be  subjected  to  the  greatest  extremes  of  tempera- 
ture without  practical  inconvenience.  In  the  steam  engine  the 
extremes  of  temperature,  or  the  difference  between  the  temperatutc 
of  the  water  in  the  boiler  and  that  of  the  atmosphere,  or  of  the 
vapour  in  the  condenser,  is  not  very  great,  and  the  consequence  is 
that  the  larger  part  of  the  heal  is  not  transformed  into  power  at  all, 
but  is  wasted— passing  off  in  the  form  of  waste  steam  if  a  high- 
pressure  engine,  or  of  hot  water  if  a  condensing  engine.  In  air  or 
gas  engines,  greater  extremes  of  temperature  may  be  employed,  and 
such  engines  appear  therefore  to  be  more  suitable  for  the  economical 
generation  of  power. 

2-  Why  may  not  temperatures  equally  high  to  those  used  in 
air  or  gas  engines  be  employed  in  the  case  of  steam  engines? 

A.  Because  in  the  case  of  saturated  steam  a  very  high  tempera- 
ture also  implies  a  far  higher  pressure  than  it  would  be  convenient 
lo  use  ;  whereas,  if  the  steam  be  not  saturated  but  superheated,  a 
limit  is  soon  reached  at  which  the  boiler  is  so  much  corroded 
internally  by  the  superheated  steam,  and  the  internal  surfaces  of 
the  cylinder  and  valves  are  rendered  so  difficult  to  keep  in  working 
order,  or  to  lubricate  eHiciently,  that  ■v-ery  little  progress  can  be 
made  in  the  use  of  high  temperatures,  if  steam  be  employed  as  the 
thermo-d>-namic  medium.  In  air  or  gas  engines,  however,  the 
cylinder  can  be  kept  cool  by  a  water  jacket  or  otherwise — no  doubt 
with  a  considerable  loss  of  power;  but  not  such  a  loss  as  would 
occur  in  a  steam  engine  that  made  use  of  such  an  expedient, 
where  the  power  wotild  be  nearly  all  losL 

Q.  Is  there  the  same  corrosive  action  from  the  use  of  high 

tperatures,  if  saturated  steam  be  employed? 
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A.  No.  But  the  pressure  increases  so  rapidly  with  the  tem- 
perature that  an  impediment  is  soon  reached  in  the  great  strength 
of  engine  and  boiler  it  is  necessaiy  to  employ  to  obtain  any 
appreciable  benefit  from  the  elevation  of  temperature.  Thus 
saturated  steam  of  loo  lbs.  per  square  inch  has  a  temperature  of 
328  degrees  Fahrenheit.  With  a  temperature  of  358  degrees  the 
pressure  rises  to  1 50  lbs.  ;  with  a  temperature  of  382  degrees  to 
200  lbs.,  and  so  on — the  pressure  increasing  more  rapidly  than  the 
temperature — until  a  limit  of  pressure  is  reached,  beyond  which  it 
is  not  convenient  to  go,  and  yet  without  any  such  high  temperature 
having  been  attained  as  will  realise  appreciable  benefit  from  that 
source. 

Q.  You  have  not  stated  why  a  water-jacket  involves  less  waste 
in  a  gas  engine  than  in  a  steam  engine. 

A,  Because  the  gas  or  air  is  not  condensed  in  the  same  way 
that  the  steam  would  be.  The  film  of  air  next  the  jacket  is  cooled 
down,  but  it  prevents  the  access  of  the  adjoining  film,  and  thus  the 
bulk  of  the  air  remains  hot  although  the  film  next  the  cylinder  is 
cooled. 

Q.  Do  air  or  gas  engines  offer  any  other  advantage  beyond 
that  of  enabling  higher  temperatures  to  be  employed  ? 

A.  One  great  impediment  to  the  successful  use  of  air  engines 
has  been  the  difficulty  of  heating  the  air  ;  for  air  is  a  bad  conductor 
of  heat,  and  the  heating  surfaces  heretofore  employed  to  heat  the 
air  in  such  engines  have  soon  been  worn  out     But  by  the  injection 
of  a  certain  amount  of  combustible  gas  among  the  air  within  the 
cylinder,  which  gas  is  afterwards  ignited  or  exploded  by  suitable 
arrangements,  and  so  turned  into  heat,  an  external  heating  surface 
is  rendered  unnecessary,  and  one  great  impediment  to  the  use  of 
thermo-dynamic  engines  employing  high    temperatures  has  thus 
been  surmounted. 

Q.  Could  not  something  in  the  way  of  thermo-dynamic  action 
be  accomplished  by  the  production  of  cold  ?  If  two  temperatures 
are  all  that  is  needed  for  the  generation  of  power,  may  not  the 
earth  be  used  as  the  source  of  heat,  and  some  artificial  source  of 
cold  be  employed  to  produce  the  necessary  lower  extreme  of 
temperature  ? 

A.  That  does  not  appear  to  be  a  very  promising  expedient 
Cold  is  merely  the  absence  of  heat,  and  it  is  reckoned  that  at  461  "2 
below  the  zero  of  Fahrenheit's  scale,  a  point  is  reached  at  which 
there  is  no  heat  at  all    This  point  is  what  is  called  the  aksduU 
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zero  of  temperature ;  and  it  constitutes  a  useful  natural  datum  in  deal- 
ing  with  physical  questions.  But  no  such  degree  of  cold  has  yet  been 
practically  produced.  Any  considerable  approach  to  it  is  a  work  of 
difficulty  even  on  the  experimental  scale,  and  is  altogether  un- 
attainable by  the  ordinary  expedients  employed  in  engineering 
practice.  While,  however,  any  incursion  into  negative  temperatures 
is  difficult  and  must  be  limited  to  a  narrow  sphere,  a  high  positive 
temperature  may  easily  be  reached  by  the  aid  of  combustion,  and 
the  indication  therefore  to  be  fulfilled  is,  while  using  the  ordinary 
temperature  of  the  atmosphere  as  the  inferior  limit  of  the  scale,  ta 
employ  as  high  a  temperature  for  the  superior  limit  as  can  be 
conveniently  adopted  in  practice. 

Q.  You  have  already  stated  that  the  heating  power  of  a  pound 
of  coal  is  sufficient  to  raise  ilb.  of  water  through  14,000**  Fahr.  or 
14,000  lbs.  of  water  through  i^  Fahr. 

A,  That  is  the  quantity  given  by  some  experimentalists,  while 
others  give  the  quantity  as  14,500,  and  that  upon  the  whole  seems 
to  be  the  preferable  figure  to  employ.  There  are  7000  grains  in  i  lb. 
avoirdupois,  so  that  the  equivalent  of  a  grain  of  coal  will  be  2x>7i 
thermal  units,  or  1598-812,  or  say  1600,  foot-pounds. 

Q,  Can  you  tell  what  power  should  be  producible  by  a  given 
air  or  gas  engine  when  you  know  the  quantity  of  heat  consumed, 
and  the  extremes  of  temperature — supposing  there  to  be  no  loss 
from  leakage  or  friction  ? 

A.  Yes,  that  can  be  told  without  difficulty.  The  proportion  of 
heat  converted  into  power  will  be  determined  by  taking  the  differ- 
ence of  absolute  temperatures  between  the  highest  and  the  lowest, 
and  dividing  by  the  highest  temperature,  also  reckoned  from  the 
absolute  zero  of  temperature. 

Q,  Will  you  illustrate  this  law  by  an  example  1 

A,  If  a  be  the  temperature  of  a  boiler  reckoned  from  absolute 
zero,  and  b  be  the  temperature  of  the  condenser  reckoned  also 
from  that  point,  the  fraction  of  the  entire  heat  received  by  the  boiler, 

which  will  be  converted  into  power  will  be     ~  .     Now  it  is  clear 

a 

that  if  a  •  ^  or  if  the  temperature  of  the  boiler  and  condenser  be 

the  same,  the  value  of     " —  becomes  equal  to  o,  showing  that  none 

a 

of  the  heat  is  in  such  case  utilised  as  power.     Whereas  if  a  be 

taken  larger  and  larger  while  b  remains  the  same,  the  fraction 

approaches  more  and  more  nearly  to  i  or  tmity,  showing  that  the 
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more  the  higher  temperature  is  increased,  the  more  nearly  the 
•whole  heat  is  transformed  into  power.  Now  if  a  grain  of  coal 
produces  as  much  heat  as  if  all  turned  into  power  would  raise 
1600  lbs.  a  foot  high,  the  power  produced  in  a  perfect  engine  by  the 
expenditure  of  each  grain  of  coal  will  be  represented  by  the  ex- 
pression   )^^\  supposing  that  the  principle  of  expansion  is 

carried  to  its  utmost  limit,  that  the  heat  generated  by  the  coals  has 
all  been  absorbed  by  the  boiler,  that  there  is  no  leakage  of  heat  or 
fluid,  and  no  loss  of  power  from  friction.  Suppose  that  the  steam 
used  were  of  14  atmospheres,  the  temperature  of  which  is  387^  Fahr., 
and  further  suppose  the  temperature  of  the  condenser  to  be  80®  Fahr., 
the  temperature  of  the  steam  abovie  the  point  of  absolute  zero  wll 
in  such  case  be  848*2®  Fahr.  and  of  the  condenser,  541*2  Fahr. 

The  power  produced  by  the  engine  will  be  ~~o~  ^-"^^^ 

848*2 

•  579  lbs.  raised  i  foot  high  by  the  combustion  of  a  grain  of  coaL 

Q.  How  does  this  consumption  compare  with  that  in  some  of 
the  most  economical  existing  engines  ? 

A,  The  duty  of  some  of  the  best  Cornish  engines  is  120  millions 
of  pounds  raised  i  foot  high  by  the  consumption  of  a  bushel  or 
94  lbs.  of  Welsh  coal.  A  grain  of  coal  will  at  this  rate  raise 
1 82  37  lbs.  I  foot  high.  The  actual  steam  engine  therefore  docs 
not  do  one-third  of  the  work  indicated  as  possible  by  the  theoretical 
steam  engine,  and  in  air  and  gas  engines  precisely  the  same  short- 
comings occur. 

Q,  Will  you  repeat  this  calculation  as  applied  to  an  air  or  gas 
engine  working  at  a  higher  temperature  than  the  steam  engine  ? 

A,  Suppose  the  temperature  in  the  heating  vessel  to  be  740' 
Fahr.,  and  the  temperature  of  the  discharge  220°  Fahr.  Then 
adding  to  each  temperature  461*2°  for  the  range  between  the  zero 
of  Fahr.  and  the  absolute  zero,  we  have  as  the  resulting  absolute 
temperatures    1201*2°  for  the  higher,  and  681*2°  for  the  lower. 

Pursuing  the  same  process  as  before  !6oo(  1201*2^-- 681 -2°)  ^  ^ 

lbs.  raised  i  foot  high,  by  the  combustion  of  each  grain  of  coal  in 
an  air  engine  having  a  temperature  in  the  air  boiler  of  740°,  a 
temperature  in  the  exhaust  pipe  of  220°  Fahr.,  and  cutting  off  at 
one-fourth  of  the  stroke.  The  performance  of  such  an  engine 
should  be  nearly  four  times  better  than  the  ascertained  performance 
of  the  best  steam  engine  as  used  for  pumping  water.     But  nothing 
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approaching  to  such  an  efficiency  in  air  or  gas  engines  has  been 
reached  in  practice. 

g.  How  does  the  performance  of  a  Cornish  pumping-engine 
compare  with  that  of  the  best  marine  engines  ? 

A,  A  good  marine  engine  will  work  with  a  consumption  of 
17  lb.,  of  coal  per  horse-power  per  hour  «i  1900  grains.  The 
horse-power  is  33,000  foot-pounds  per  minute,  or  1,980,000  foot- 
pounds per  hour.  Dividing  the  total  foot-pounds  per  horse-power 
per  hour  by  the  total  number  of  grains  of  coal  consumed  to  generate 
this  power,  we  have  1,980,000  divided  by  1 1900  «  166*38,  which  is  the 
foot-pounds  generated  in  a  marine  engine  by  a  grain  of  coal.  This 
is  a  worse  result  than  that  reached  in  the  case  of  the  Cornish  engine, 
where  the  foot-pounds  obtained  from  a  grain  of  coal  were  182*37. 

Q.  Is  there  no  loss  of  effect  in  an  air  or  gas  engine  from  the 
considerable  power  required  to  work  the  pump  by  which  the  air 
is  compressed  and  sent  into  the  air  boiler  or  cylinder  ? 

A,  There  is  no  loss  from  this  cause,  as  the  power  thus  consumed 
is  afterwards  recovered.  Thus  if  we  suppose  the  pump  to  be 
impervious  to  heat,  the  increase  of  temperature  which  the  air 
acquires  by  compression  will  be  retained  by  it,  and  if  we  suppose 
that  the  air  without  receiving  any  increase  of  heat  in  the  air  boiler 
escapes  into  a  cylinder,  and  urges  the  piston  with  the  same  measure 
of  expansion  that  it  had  previously  undergone  of  compression,  it 
would  issue  from  the  cylinder  at  its  original  temperature  and 
pressure,  and  the  power  produced  by  the  cylinder  would  exactly 
balance  that  consumed  by  the  pump.  We  may  therefore  discard 
the  consideration  of  the  pump,  in  estimating  the  theoretical  power 
of  an  air  engine,  since  power  is  neither  gained  nor  lost  by  it,  and 
the  effective  power  is  wholly  that  due  to  the  increase  of  pressure, 
or  of  volume  produced  by  increase  of  temperature. 

Q.  As  a  degree  centigrade  is  i  '8  times  greater  than  a  degree 
Fahr.,  must  not  the  mechanical  equivalent  of  a  degree  centigrade 
be  greater  in  the  same  proportion  .^ 

A.  That  follows  as  a  matter  of  course.  The  mechanical 
equivalent  of  a  centigrade  degree  is  772  x  i*8  -  1389*6,  or  say,  in 
round  numbers,  1390  lbs.  raised  through  i  foot. 

Q.  How  do  you  determine  the  degree  of  efficacy  with  which 
any  thermo-dynamic  engine  works  ? 

A.  By  comparing  the  performance  with  that  of  a  theoretically 
perfect  engine,  or  one  in  which  the  whole  heat  is  supposed  to  be 
turned  into  power. 
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Q.  U  you  know  the  highest  and  the  lowest  temperatures  in  any 
thermo-dynamic  engine,  can  you  tell  what  the  theoretical  perform- 
ance  will  be,  or  the  performance  cleared  of  such  incidental  sources 
of  loss  as  friction,  imperfect  combustion,  leakage  of  heat,  and  other 
things  of  that  kind  ? 

A.  Yes,  it  is  easy  to  tell  what  the  performance  should  be, 
supposing  the  engine  to  be  perfect  The  difference  between  that 
and  the  actual  performance  reveals  the  amount  of  imperfection. 

Q.  Taking  then  the  temperatures  in  centigrade  degrees,  will 
you  state  how  you  proceed  to  ascertain  the  theoretical  performance 
of  an  engine  ? 

A,  From  the  temperature  of  the  source  or  boiler  subtract  the 
temperature  of  the  condenser.  Divide  the  remainder  by  the  sum 
of  the  temperature  of  the  source  and  274,  and  multiply  the  quotient 
by  the  total  heat  communicated  to  the  engine  per  minute  expressed 
in  the  number  of  degrees  through  which  it  would  raise  one  pound 
of  water.  Finally,  multiply  this  product  by  1390.  The  result  is  the 
number  of  pounds  which  the  engine  should  raise  a  foot  high  in  the 
minute,  and  this  divided  by  33,000  gives  the  horse-power.  The 
temperatures  are  all  taken  in  centigrade  degrees. 

Q,  What  is  the  temperature  of  an  ordinary  boiler  furnace  ? 

A.  About  3000°  Fahr. 

Q.  And  how  much  is  air  expanded  by  heating  ? 

A.  About  ;j|^th  part  of  its  bulk  at  32®  for  every  degree  of 
increased  temperature.  A  cubic  foot  of  air  at  32°  Fahr.  becomes 
two  cubic  feet  at  a  temperature  of  32  +  490  «=  522°  Fahr.,  its  pressure 
remaining  the  same  as  at  first.  If  its  volume  remain  the  same  its 
pressure  is  doubled. 

Q.  What  will  be  the  new  volume  acquired  by  a  cubic  foot  of  air 
at  32°  when  heated  to  a  temperature  of  3000  Fahr. — its  pressure 
remaining  unaltered  ? 

A,  It  will  be  5?^+  I  »  7*1  cubic  feet. 
490 

Q.  If  its  volume  be  kept  the  same,  what  will  its  pressure  be? 

A.  If  the  pressure  was  one  atmosphere  to  begin  with,  it  will  be 
7  atmospheres  when  heated  to  3000°,  or  six  additional  atmospheres 
will  be  added  to  the  first. 

Q.  If  air  be  expanded  by  heat  so  as  to  fill  a  larger  space  than 
before  without  any  increase  of  pressure,  how  can  power  be  generated 
or  expended  in  such  a  case  ? 

A,  By  setting  back  the  atmosphere  through  a  certain  space, 
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when  if  the  heat  be  withdrawn  the  air  will  again  contract,  and  the 
return  of  the  atmosphere  into  the  space  whence  it  had  been  expelled 
will  generate  power. 

Q.  Have  any  gas  engines  been  constructed  upon  this  principle  ? 

A.  Yes,  Brown's  vacuum  engine  patented  in  1823,  Otto's  original 
form  of  gas  engine,  and  many  others.  But  the  plan  has  fallen 
into  disuse. 

Q.  If  the  temperature  of  air  of  the  atmospheric  density 
entering  the  pump  of  a  gas  engine  be  50°  Fahr.,  and  if  the  air  be 
compressed  into  one-fourth  of  its  bulk,  what  will  its  temperature  be? 

A.  The  temperature  of  the  air  when  compressed  will  be  found  to 
be  about  440°  Fahr.,  and  its  pressure  106  lbs.  per  square  inch.  If  the 
volume  of  the  cylinder  be  to  that  of  the  pump  as  4  is  to  3,  then  to 
dismiss  the  air  at  atmospheric  pressure  the  temperature  must  be 
so  increased  as  to  enlarge  3  volumes  into  4. 

Q,  What  is  the  general  law  which  determines  the  pressure) 
temperature,  and  volume  in  such  cases  ? 

A.  It  was  long  ago  shown  by  Poisson  and  Laplace  that  the 
heat  produced  by  compression  is  the  same  as  if  the  elasticity  varied 
in  the  proportion  of  that  power  of  the  density  whose  index  is  the 
ratio  of  the  two  specific  heats.    That  ratio  is  i  -408.    The  relation 

is  expressed  by  the  formula       =  ,  /  and  f  being  the  tempera- 

tures, and  y  and  V  the  corresponding  volumes,  while  k  is  the  ratio 
of  the  specific  heat  under  a  constant  pressure  to  that  under  a 
constant  volume.  If  instead  of  wanting  to  know  the  temperature 
of  the  compressed  air  we  want  to  know  its  pressure,  that  may  be 
deduced  from  the  formula 

The  temperatures  are  reckoned  from  absolute  zero.  P  and  K  are 
the  pressure  and  temperature  before  compression,  and  P^  and 
W  are  the  pressure  and  temperature  after  compression.  The 
power  or  work  absorbed  is  represented  by  the  formula 

Q.  In  what  way  does  a  gas  engine  act  ? 

A.  There  are  a  good  many  variations  in  the  mode  of  action, 
but  the  ordinary  mode  is  as  follows  : — Into  a  cylinder — generally  a 
horizontal  one — a  mixture  of  air  and  coal  gas  is  admitted,  the 
proportions  usually  being  about  i  of  gas  to  10  or  12  of  air.    This 

00 
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iually  more  or  less  compressed  by  the  piston,  or  by  a. : 
separate  pump,  and  at  a  certain  point  of  the  stroke,  it  is  ignited 
either  by  electricity  or  by  an  external  light  applied  to  a  touch-hole 
or  by  some  other  method.  An  explosion  is  the  result  which  propels 
the  piston  in  much  the  same  way  as  a  shot  is  propelled  in  a  gun, 
and  the  force  thus  imparted  being  communicated  to  the  crank  turns 
the  engine.  The  pressure  produced  by  the  explosion  is  about 
S  atmospheres  in  the  older  class  of  engines  without  antecedent 
compression.  But  the  maximum  pressure  manifestly  depends  ujwn 
the  amount  of  compression  the  explosive  charge  has  received,  prior 
to  its  ignition.  For  every  500°  Fahr.  generated  by  the  combustion 
the  initial  pressure  will  be  about  doubled.  To  prevent  the  cylinder 
and  piston  irora  being  injured  by  the  high  temperature,  a  water- 
jacket,  or  some  other  expedient  of  refrigeration  Is  generally 
adopted.  In  some  cases  the  vapour  of  petroleum  or  other  liquid 
hydro-carbon  is  used  instead  of  coal  gas,  and  carbonic -oxide  gas, 
which  is  much  cheaper  than  coal  gas,  has  also  occasionally  been 
employed.  Gas  engines  are  still  complex  and  heavy  relatively  with 
the  power  generated,  notwithstanding  the  large  amount  of  invenli?e 
eRbrt  drawn  into  this  particular  field.  But  it  may  be  expeaed  thai 
these  faults  will  be  gradually  corrected,  though  at  present  theii 
magnitude  is  such  as  to  restrict  the  use  of  the  motor  to  the  smallcii 
class  of  engines  in  which  the  avoidance  of  the  necessity  of  a  stoker 
presents  the  greatest  inducement  to  their  adoption. 

Q.  What  are  the  desiderata  in  a  good  thermo-dynamic  motor.' 
A.  Besides  being  safe  and  noiseless  and  equable  in  its  motion  i' 
should  be  light,  occupy  little  space,  and  be  inexpensive  both  V> 
purchase  and  to  maintain.  One  obvious  necessity  involved  in  sudi 
conditions  is  that  the  engine  shall  run  fast  and  work  with  a  go*) 
pressure.  But  a  gas-explosion  engine  must  not  run  so  6st  iJni 
the  speed  of  the  piston  will  overrun  the  speed  of  ignition,  and  e'W 
where  this  result  does  not  ensue  time  must  be  given  for  ihorougi 
intermixture  and  complete  combustion.  In  some  gas-engine^  '' 
has  been  found  that  not  one-fourth  of  the  healing  eflect  of  ibc  ff^ 
has  been  got,  and  the  low  result  has  been  imputed  to  the  lost  t" 
heat  through  the  sides  of  the  cylinder,  owing  to  the  water-j»d* 
But  another  important  factor  is  the  imperfect  combustion  of  '^' 
gaseous  charge,  partly  in  consequence  of  dissociation  within  i'' 
cylinder,  and  partly  from  the  deficient  time  afforded  10  mate  ^ 
combustion  complete. 
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HISTORICAL  ACCOUNT. 

Q.  Without  going  further  at  present  into  the  principles  of  action 
and  the  main  features  in  the  structure  of  air  and  gas  engines,  will 
you  recapitulate  the  principal  steps  of  improvement  in  their  past 
history  so  as  to  afford  the  means  of  understanding  how  the  system 
arose,  what  has  been  the  course  of  its  past  progress,  and  what  are 
its  tendencies  and  prospects  in  the  future  ? 

A,  The  extent  of  ground  which  must  be  gone  over  in  such  a 
retrospect  is  necessarily  very  great,  and  the  individual  notices  of 
different  projects  must  be  correspondingly  brief  and  oracular.  But  as 
a  sequel  to  this  narrative  I  shall  endeavour  to  set  forth  the  most 
important  points  for  investigation  in  connection  with  the  present 
inquiry,  and  to  indicate  the  most  promising  lines  of  research  which 
future  effort  and  ingenuity  can  pursue. 

Q,  What  were  the  original  forms  of  air  or  gas  engine  employed, 
and  at  what  dates  were  they  introduced  ? 

A,  A  gun  from  which  a  ball  is  projected  by  the  combustion  of 
gunpowder  fired  within  the  barrel  may  be  taken  as  the  primary 
form  of  air  or  gas  engine,  and  such  a  device  is  traceable  to  a  remote 
antiquity.  The  fuel  or  gimpowder,  though  solid  when  introduced 
into  the  gun,  becomes  gaseous  on  ignition.  The  ball  answers  to  the 
piston  ;  and  in  old  gims  the  ignition  was  effected  by  applying  a  light 
to  a  touch-hole  as  is  usually  done  in  gas  engines  at  the  present 
time.  Fire-arms  are  at  least  as  old  as  the  time  of  Moses,  seeing 
that  they  are  prohibited  in  the  code  of  Gentoo  laws  which  are 
traceable  to  as  remote  a  date.  Several  of  the  contrivances  described 
in  Hero's  '  Spiritalia,'  130  years  before  the  Christian  era  derive  their 
motive  force  from  heated  air,  and  the  iEolopile  of  Hero  is  believed 
to  have  been  in  use  for  domestic  purposes  in  the  times  of  the 
Saxons.  Cardan  describes  a  smoke-jack  with  two  sails  as  a  motor. 
Before  1605  the  steam  gun  and  also  the  air  g^n  had  been  invented 
by  M.  Bourgeois,  a  native  of  Lisieux  in  France,  and  are  described 
by  Rivault  in  his  *  Elements  of  Artillery  *  published  in  1608.  In 
1678  the  Abb^  Hautefeuille  proposed  to  use  gunpowder  for  raising 
water,  and  in  1682  instead  of  gunpowder  to  work  an  engine  he  pro- 
posed to  use  the  vapour  of  alcohol,  which  was  to  be  generated  and 
condensed  as  in  a  still.  In  1687  Papin  showed  experiments  before 
the  Royal  Society  of  London  illustrative  of  his  plan  of  producing  a 
vacuum  within  the  cylinder  of  his  engine  by  the  explosion  of  gun- 
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powder.  But  he  afterwards  abandoned  this  method,  as  he  found 
that  one-fifth  of  the  air  remained  after  the  explosion  and  that  con- 
sequently half  the  effect  was  lost.  The  project  of  working  an  engine 
by  gunpowder  has  often  been  revived — among  others  by  Cartwri^t 
the  inventor  of  the  power  loom  at  the  close  of  the  last  century,  and 
such  an  engine  could  be  made  to  work.  But  the  fuel  employed 
would  be  too  costly  for  extended  use.  The  explosive  property  of 
coal  gas  when  mixed  with  air  has  long  been  known  and  had  been 
painfully  illustrated  at  a  very  early  date  by  the  explosions  of  fire- 
damp in  coal  mines.  When  the  use  of  gas  became  general  for  pur- 
poses of  illumination,  it  would  be  an  obvious  indication  to  employ 
it  instead  of  gunpowder  in  working  small  engines  as  being  both 
safer  and  less  costly.  Instead  of  gas  any  of  the  liquid  hydro- 
carbons could  be  employed. 

Q,  Will  you  give  some  of  the  early  examples  of  such  applica* 
tion  "^ 

A,  One  such  example  is  afforded  by  the  patent   (No.  1,833) 
granted  to  John  Barber  in  1 791,  in  which  the  expedients  employed 
in  modem  gas  engines  are  used  for  the  production  of  power.    Into 
a  metallic  retort  heated  by  a  fire,  coal  oil  or  other  combustible 
is  introduced,  the  smoke  or  vapour  from  which  is  brought  by  a 
compressing  pump  into  another  vessel  called  an  exploder,  and  meet- 
ing there  a  stream  of  compressed  air  brought  in  by  another  pump, 
ignition  takes  place  on  the  application  of  a  light  at  the  mouth  of 
the  exploder.    The  ignited  stream  is  directed  upon  a  wheel  formed 
with  buckets  like  a  waterwheel   and  running  at  a  high  velocity, 
whereby  the  power  is  generated.     It  is  provided  that  a  jet  of  water 
shall  be  projected  into  the  ignited  gaseous  outflow,  both  to  moderate 
Its  heat  and  to  increase  its  energy.    The  mechanical  details  of  this 
patent  are  very  imperfect  and  are  badly  illustrated  and  described. 
But  the  essential  principles  of  efficient  thermo-dynamic  action  arc 
embodied  in  it. 

Q,  What  is  the  next  example? 

A.  The  next  example  is  afforded  by  the  patent,  granted  to 
Robert  Street  in  1794  (No.  1,983),  for  his  method  of  generating  ao 
inflammable  vapour  force  by  means  of  liquid,  air,  fire  and  flame- 
This  engine  has  a  still  closer  analogy  to  a  gunpowder  engine  than 
the  foregoing  example.  There  is  a  cylinder,  the  bottom  of  which 
is  kept  hot  by  a  fire,  and  near  the  bottom  of  the  cylinder  there  is 
a  touch-hole.  A  small  quantity  of  spirits  of  tar  or  turpentine  is 
to  be  poured  through  a  funnel  in  the  hot  cylinder,  which  liquid  is 
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instantly  converted  into  inflammable  vapour.  The  piston  is  then 
raised  by  a  lever,  to  admit  condensed  air,  and  at  the  same  time  a 
light  is  raised  to  the  touch-hole,  whereby  an  explosion  is  produced 
which  generates  power.  The  quantity  of  tar  or  turpentine  specified 
as  necessary  to  be  used,  is  10  drops  for  each  cubic  foot  of  capacity 
of  cylinder.  In  this  patent,  as  in  the  previous  one,  the  details  are 
very  imperfectly  worked  out. 

Q.  When  was  the  use  of  electricity  for  igniting  the  gas  first 
suggested  ? 

A,  It  is  not  quite  certain ;  but  it  was  proposed  to  be  used  by 
Lebou,  in  a  patent  granted  to  him  in  1801,  though  in  the  kind  of 
engine  he  used  there  could  have  been  little  inducement  for  the 
employment  of  electricity  as  an  igniting  agent.  He  forced  air  and 
gas  through  separate  channels  into  a  furnace,  where  they  were 
burnt,  and  the  piston  was  propelled  by  the  products  of  combustion. 
In  1807,  M.  Rivaz  took  out  a  patent  in  Paris  (*  Brevets  d' Invention,' 
tome  ix.  p.  182)  for  the  propulsion  of  a  carriage,  by  the  explosion  of 
hydrogen  gas,  by  admitting  a  certain  quantity  of  air  and  hydrogen, 
by  means  of  a  three-way  cock,  below  the  piston  of  an  engine.  The 
explosion  was  to  be  effected  by  one  of  four  methods, — by  keeping 
the  base  of  the  cylinder  red  hot,  by  the  compression  of  air  as 
in  the  syringe  for  igniting  tinder,  by  the  use  of  phosphoretted 
hydrogen,  or  by  the  electric  spark.  In  18 17  Niepce,  another 
Frenchman,  took  out  a  patent  (No.  4,179)  for  propelling  vessels  by 
means  of  a  gaseous  stream,  issuing  astern  produced  by  the  com- 
bustion of  suitable  substances  in  close  cylinders  within  the  vessel. 
Lycopodium,  powdered  resin,  and  powdered  coal  are  mentioned  as 
suitable  substances.  But  a  liquid  hydrocarbon  is  that  which  was 
adopted.  The  principle  of  this  contrivance  appears  to  be  perfectly 
sound,  and  may  be  expected  one  day  to  be  brought  into  successfiil 
operation.  But  the  gaseous  stream  should  be  cooled  by  a  jet  of 
water,  the  steam  resulting  from  which  would  be  effectually  condensed 
in  the  sea,  and  would  help  forward  the  effluent  air  as  in  Nicholson's 
patent  of  1806  (No.  2,990). 

Q.  Is  such  a  principle  of  propulsion  ever  likely  to  come  into 
practical  competition  with  the  screw  or  paddles  ? 

A.  I  believe  so,  and  although  general  incredulity  will  attend 
such  a  declaration  it  is  the  incredulity  of  ignorance,  which  has  in* 
variably  attended  all  improvements  not  yet  accomplished,  however 
promising  they  might  appear  to  those  most  competent  to  judge. 

Q.  What  was  the  nature  of  Nicholson's  patent  of  1806  ? 
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A,  It  was  an  improvement  upon  the  ancient  contrivance  for 
blowing  air  into  furnaces  by  a  sbower  of  water  which  carries  down 
air  with  it  into  a  pipe,  as  described  in  the  writings  of  Lewis  Chaptal 
and  other  authors  of  leputalinn.  A  jet  of  steam  issuing  from  the 
pipe  a  carries  air  with  it  into  the  cone  dd  and  issues  att  c.  Water 
however,  introduced  by  the  pipe  d  into  tlie  tank  e  e  passing  through 
the  holes  in  cc,  condenses  the  steam  so  that  air  alone  is  carried 
forward  with  the  issuing  water. 


Q.  The  energy  of  the  steam  appears  to  be  transferred  to  ihewt' 
A.  Yes.  The  laws  which  govern  the  transformation  of  ei 
had  before  this  time  been  investigated  mathematically  by  B*"  ■ 
nouilli  and  Euler,  and  in  181S  a  patent  was  taken  out  in  Francetr  1 
the  Marquis  Mannoury  D'Ectot,  in  which  various  forms  of  appu**  I 
are  described  for  effecting  this  transformation.  One  of  these  "^  •  I 
composite  steam-jet  resembling  the  subsequent  contrt\-ances  •  I 
Pellclan,  Bourdon,  and  Delabarre.  One  of  the  problems  propofl*  J 
for  solution  in  this  patent  is,  to  draw  water  from  wells — not  u     *" 
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from  a  depth  of  33  feet,  but  from  a  much  greater  depth.  The 
mamier  in  which  this  is  proposed  to  be  done  is  as  follows : — 
Let  a  chamber  a,  fig.  164,  be  placed  at  the  height  to  which  it  b 
proposed  to  raise  the  water.  A  pipe  k  descends  into  the  water  of 
the  well,  and  near  the  bottom  of  this  pipe  a  non-return  valve  is 
placed.  From  the  tank  c  a  pipe  d  descends  to  the  sphere  e^  and  the 
point  of  ^  is  turned  up  to  form  a  jet  which  enters  the  pipe  k. 
A  communication  between  a  and  c  is  established  by  an  overflow 
pq>e,  on  the  outlet  of  which  there  is  a 
non-return  valve  /.  Steam  having  been 
introduced  into  the  chamber  a,  and  its 
condensation  having  been  effected  by 
water  entering  from  the  tank  r,  the  pres- 
sure of  the  atmosphere  will  force  the 
water  into  the  pipe  hk.  Meanwhile  the 
water  flowing  from  the  tank  c  through 
the  pipe  </,  and  issuing  upward  at  e^  in  a 
jet  of  which  the  vis  viva  is  converted 
into  pressure,  an  extra  pressure  is  created 
sufficient  to  overcome  the  resistance  of 
the  column  h  «,  and  the  water  flowing 
through  the  overflow  pipe  at  /,  restores 
to  the  tank  c  the  water  before  expended. 

Q,  Would  such  an  instrument  for  rais- 
ing water  be  useful  in  practice  ? 

A,  It  would  be  very  useful  in  special 
cases,  such  for  example  as  in  raising  sandy 
or  muddy  water  when  establishing  deep 
fotmdations,  in  digging  wells,  or  in  any  case  where  the  valves  of 
ordinary  pumps  are  liable  to  be  gagged  or  the  barrel  to  be  severely 
worn* by  the  attrition  of  foreign  particles.  In  steam  vessels  conse- 
quently steam-jet  pumps  are  now  widely  employed.  They  eject  a 
large  quantity  of  water  in  a  short  time,  and  are  simple  and  inex- 
pensive in  construction,  while  whatever  enters  the  suction-rose, 
whether  chips,  pieces  of  coal  or  clinkers,  or  bits  of  metal,  are  sent 
through  indifferently  by  the  steam,  the  only  precaution  necessary 
to  keep  the  pump  always  effective  being  to  keep  the  rose  clear. 

Q,  This  patent  appearing  at  so  early  a  date,  reflects  the  highest 
credit  upon  its  author  ? 

A,  It  does. 


Fig.  164. 
Steam-jet  Piunp,i8i8. 
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Q.  It  is  in  reality  a 
widely  introduced? 

A.  Ves.      This  is  illustrated  by  fig,  165,  where  i 
dipping  into  a  lank  /,  and  terminating  in  the  sphere  t,  which  o 
municates  by  means  of  the  pipe  «  with  the  chamber^  into  m' 
ajcl  of  steam  is  conducted  which  issues  through  the  open  p 


The  first  effect  of  this  jet  is,  to  draw-  the  air  oul  of  the  sphere  *,  at^ 
to  cause  the  water  to  ascend  in  the  pipe  c,  from  the  tanl:  /,  into  lt< 
sphere  /■,  whence  it  passes  through  the  pipe  «,  into  the  diambtf.i'' 
The  steain-jet  there  encounters  the  water,  and  is  condensed  by"' 
and  the  energy  of  the  steam  being  communicated  to  the  wttf- 
projects  it  through  the  pipe  A,  in  the  same  way  as  is  ilooc  bf' 
GiiTard's  injector. 


Mannoury  D'Ecfofs  Invettlwus. 

Q.  These  arrangements  arc  only  applicable  lo  the  raising  of 
ler.    Are  there  any  indicated  for  the  production  of  circular 

A.  Yes,  in  figs.  166  and  167  a.  species  of  danalde  is  shown,  for 
production  of  rotatory  motion  by  a  mixture  of  air  and  steam, 
ere  are  two  concentric  cones  A  h,  which  have  between  thein  an 


nuJar  space  filled  with  24  spiral  pallets  or  vanes  numbering 
1, 3,  &c„  of  which  the  Sth,  16th,  and  21th  descend  to  the  bottom 
the  annulus,  and  the  others  only  half-way.  The  steam-jet  /:  is 
■ectcd  into  the  open  pipe  /,  and  its  energy  is  communicated  to 
;  air  wilhin  that  pipe,  Theenergj-of  the  composite  current  carries 
downwards  beincen  ihc  concentric  cones,  and  inipinginij  on  Ihe 
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succeeded 
1 8^3  with 


spiral  vanes,  it  issues  at  the  bottom  with  little  force,  iti 
having  been  mostly  imparted  lo  the  machine.  Such 
requires  to  run  at  a  high  velocity  to  get  a  maximum  effect 

Q.  What  is  the  next  ihermo-dynamic  conlrivance  of  any 
portance  in  order  of  time  ? 

A.  There  is  a  patent  (No.  4,537)granled  to  Robert  Stein  in  i8!i 
for  working  an  engine  with  a  mixture  of  steam  and  the  products  of 
combustion.  Coal  is  fed  into  a.  close  ash-pit,  by  a  touted  roller,  and 
another  fluted  roller  is  employed  for  withdrawing  the  ashes  from 
the  ash-pit.  Air  is  forced  into  the  furnace  by  a  pump,  and  the 
products  of  combustion  generate  steam  in  a  boiler,  and  are  then 
Died  in  conjunction  with  the  steam  to  work  an  engine.  This  plan 
however,  though  fairly  well  arranged  in  the  details,  did  not  excite 
much  attention,  nor  did  the  coal  feeder  on  the  plan  of  Stein 
proposed  by  Mark  Isambard  Brunei  in  1822.  They  wei 
by  Sir  Samuel  Brown's  gas  vacuum  engine  patented  i 
improvements  in  1826,  from  which  important  results" 
time  expected.  In  this  contrivance  the  motive  force  was  the  return 
of  the  air  into  a  vacuum  produced  by  the  explosion  of  a  mixture  of 
gai  and  air  in  a  large  iron  vessel  from  which  the  explosion  expelled 
the  air.  Several  gas  engines  have  been  constructed  upon  this 
principle  and  have  done  useful  work.  But  the  apparatus  is  buUcy, 
noisy,  and  less  efficient  than  where  the  piston  is  propelled  by  iM 
direct  force  of  the  explosion.  ■ 

Q.  What  IS  the  next  example  you  have  to  present  ?  I 

A.  The  next  is  the  original  form  of  the  calorie  engine  of  Joto  ■ 
Ericsson — a  name  illustrious  in  the  history  of  engineering  f" 
numerous  important  inventions.  In  this  project,  as  in  Sietn's,  tht 
furnace  is  a  close  one.  The  fuel  is  fed  into  it  through  double 
doors,  and  the  air  is  blown  into  it  by  a  blowing-engine,  the  produfi* 
of  combustion  being  compelled  to  enter  into  intimate  contact  ■iii 
the  water  in  the  boiler,  and  the  engine  is  worked  by  the  mixture"^ 
those  products  and  the  generated  steam,  A  representation  ofthfc 
engine  is  gi\en  in  fig,  168,  where  A  is  the  blowing  cylinder,  B  tl" 
piston,  and  c  the  piston-rod.  D  is  the  ashpit,  to  which  ihc  air  i* 
conducted  through  the  pipe  E,  and  F  is  the  furnace,  G  is  a  ewl  o* 
heating  pipes,  which  deli\'ers  through  the  pipe  k  into  the  boiW 
R  R,  in  which  there  are  a  number  of  shelves ;  and  the  waW 
brought  in  from  the  tank  i'  through  the  pipe  s,  and  the  val«4 
falling  from  shelf  to  shelf  among  the  hot  products  of  < 
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s  a  chamber  into  which  the  coal  is  fed.  and  W  and 
o  sliding  doors,  one  of  which  is  always  shut,  a  a  ai«  ibc 
inlet  and  outlet  valves  of  the  blowing  cylinder,  and  «  is  the  fumact 
bars.  In  1833  Ericsson  took  out  another  patent  (No.  6,409]  for  an 
improved  form  of  his  engine,  in  which  he  discards  the  use  of  water 
and  of  the  blowing-engine,  but  introduces  Ihe  regeneralor  to 
recover  the  waste  heat,  and  applies  the  tire  to  the  exterior  of  the 
cylinder.    A  representation  of  Ericsson's  engine  in  the  form  it  bad 


attamed  before  1867  is  given  in  fig.  169,  where  a  is  a  horiionul 
cylinder,  m  which  there  are  two  pistons — one,  the  driving  pistw. 
whrch  IS  impelled  by  heated  air,  and  the  feeding  piston  which  5cn<ii 
m  cold  air  \\  is  the  furnace,  c  the  driving,  and  d  the  feeding 
piston,  the  poncr  being  generated,  ajid  the  feeding  of  the  n' 
accomplished  bj  the  differential  motion  between  ihe  two,  E  is  Hit 
axis  of  the  fly  nhecl  F  K  is  a  shaft  carrjing  a  lever  t,  conntcltii 
with  the  driving  piston  by  the  bar  *.  p  p  arc  ibe  outlets  fot  tkt 
smoke.     O  is  a  levei  connected  witli  the  feeding  piston  by  the  E"r 
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^I,  f  f  arc  valves  for  the  admission  of  air,  pressed  shut  by  the 
counterweights  g\  h  h  are  valves  of  sheet  steel  placed  in  the 
piston  D.  There  is  a  space  between  the  working  part  of  the 
cylinder  and  the  furnace  filled  with  broken  brick,  through  which 
the  air  passes,  and  by  which  it  is  equably  heated ;  y  is  an  eduction 
pipe  to  let  out  the  hot  air  after  its  force  has  been  spent,  and  R  is 
the  eduction  valve  governed  by  the  cam  Q  ;  >&  is  a  spring  to  keep 
the  lever  up  to  the  cam ;  s  is  the  governor,  and  x  x  are  ratchets 
to  enable  the  fly-wheel  to  be  more  easily  turned  round  by  hand  in 
starting  the  engine.  Ericsson's  caloric  engine,  of  small  powers, 
has  come  into  pretty  extensive  use  both  in  America  and  in 
Europe. 

g.  Were  there  any  other  patents  of  importance  taken  out  in 
1826? 

A.  None  of  importance.  There  is  one  in  this  year  (No.  5,402) 
taken  out  by  Erskine  Hazard  for  'a  method  of  preparing  explosive 
mixtures,  and  employing  them  as  a  moving  power  for  machinery.' 
But  the  arrangements  are  crude,  and  the  principle  destitute  of 
novelty.  The  vapour  of  alcohol  or  turpentine  is  to  be  mixed  with 
air  and  exploded  through  a  touch-hole. 

Q.  What  have  we  in  1827  ? 

A.  In  that  year  W.  W.  Hall,  in  an  ill-digested  specification 
(No.  5,448),  proposed  to  pump  the  products  of  combustion  from  a 
furnace  into  a  boiler.  In  the  same  year  the  Rev.  Robert  Stirling 
and  James  Stirling  patented  (No.  5,456)  their  air-engine,  in  which 
the  novel  principle  of  a  regenerator  first  appears.  In  these  engines 
the  air  was  generally  heated  by  a  fire  applied  to  the  bottom  of  the 
cylinder.  But  it  was  found  that  by  this  arrangement  the  bottom 
of  the  cylinder  was  soon  worn  out.  The  novel  feature,  however, 
was  the  regenerator,  consisting  of  a  great  number  of  thin  sheets  of 
metal,  or  layers  of  wire-gauze,  or  other  minutely  subdivided  material, 
through  which  the  air  had  to  pass.  When  hot  air  was  passed 
through  this  material  during  a  stroke  of  the  engine,  it  emerged 
cold,  having  left  its  heat  in  the  thin  metal  sheets  or  wire-gauze  ;  or 
if  sent  in  the  opposite  direction  cold,  it  emerged  hot,  having  in  its 
passage  taken  up  the  heat  again  which  was  before  deposited.  By 
the  use  of  the  regenerator  therefore  the  heat,  which  was  before 
dismissed  in  the  exhaust  in  hot-air  engines,  was  to  a  great  extent 
recovered  and  used  to  assist  in  healing  the  cold  air  of  the  next 
stroke.  The  principle  of  the  regenerator  has  since  been  applied  to 
a  great  variety  of  purposes  in  the  arts,  and  may  be  made  service- 
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able  in  cooling  as  well  as  in  heating.  A  popular  illustration  61  the 
principle  is  given  in  the  breath-warming  instrument,  in  which  the 
air  entering  the  lungs  is  warmed  by  a  large  area  of  metallic 
surface,  of  which  the  instrument  is  composed,  and  which  had  been 
heated  by  the  breath  in  the  previous  expiration.  It  is  now  known 
that  in  any  kind  of  engine  a  given  amount  of  heat  is  capable  of 
generating  only  a  corresponding  amount  of  power,  and  that  just  in 
the  proportion  in  which  the  engine  is  efficient  there  will  be  less  and 
less  waste  heat  dismissed  by  the  exhaust.  There  will  therefore,  in 
the  same  ratio,  be  less  and  less  waste  heat  for  a  regenerator  to 
recover,  and  in  an  engine  which  worked  with  air  at  the  tempera- 
ture of  combustion  the  whole  heat  will  be  turned  into  power,  and  a 
regenerator  in  such  an  engine  would  have  nothing  to  do.  As  the 
whole  tendencies  are  in  favour  of  higher  temperatures  however, 
the  regenerator  has  fallen  into  disuse.  But  the  recollection  of  the 
contrivance  will  always  remain  as  a  splendid  specimen  of  me- 
chanical perspicacity.  A  regenerator  will  enable  a  lower  tempera- 
ture to  be  used  in  a  heat-engine  without  much  waste.  But  it  is 
rather  a  cumbrous  apparatus,  and  has  consequently  not  been 
widely  adopted.  The  Stirlings  took  out  a  patent  (No.  8,652)  for  an 
improved  form  of  their  air-engine  in  1840. 

Q.  Is  there  any  other  plan  of  interest  to  be  mentioned  as  having 
been  produced  during  this  year  ? 

A,  There  is  the  patent  (No.  5,530)  of  W.  Parkinson  and  S. 
Crosley  for  *  an  improved  method  of  constructing  and  working  an 
engine  for  producing  power  and  motion.'     In  this  engine  a  hori- 
zontal cylinder  had  a  plunger  within  it,  called  a  transferrer,  of  nearly 
the  same  diameter  as  the  horizontal  cylinder,  and  of  about  half  the 
length.    This  transferrer  could  be  moved  to  and  fro  by  a  rod,  and 
the  effect  of  such  movement  was  to  transfer  the  air  contained 
within  the  horizontal  cylinder  from  one  end  to  the  other.    One 
end,  however,  was  kept  hot,  and  the  other  end  cold,  so  that  the 
movement  of  the  transferrer  alternately  heated  and  cooled  a  voluffle 
of  imprisoned  air,  and  the  alternate  expansion  and  contraction  rf 
the  air  acting  upon  a  piston  generated  power.    The  amount  rf 
power,  however,  so  generated  was  quite   insignificant^  and  the 
engine  was  never  practically  introduced. 

Q.  Will  you  enumerate  some  of  the  other  plans  which  has* 
been  projected  for  working  engines  with  the  hot  products  of  coiO' 
bustion  mixed  with  steam  ? 

A.  It  will  be  impossible  to  give  an  exhaustive  enumeratios  ^ 
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the  number  is  so  great.  In  1829  Church  (No.  5,857)  patented  a 
similar  arrangement  to  that  of  Stein  and  Brunei,  and  in  America 
several  plans  were  devised  at  an  early  period  for  sending  the 
products  of  combustion  of  the  furnace  into  the  water  of  the  boiler. 
In  1837  a  patent  (Na  7,503)  was  taken  out  in  this  country  on 
behalf  of  Phineas  Bennett,  an  American,  for  an  application  of  this 
pnnciple — the  fuel,  as  in  Ericsson's  arrangement,  being  fed  in  by 
means  of  two  sliding  shutters.  Zander,  in  1842  (Na  9,516),  pro- 
posed a  hollow  cylinder  to  feed  in  the  coaL  Houston,  in  1849 
(No.  12,649),  used  combined  steam  and  hot  air  to  work  an  engine, 
the  air  being  sent  in  among  the  steam  by  a  pump.  Fontaine 
Moreau,  in  1850  (No.  13,111),  proposed  to  generate  power  by 
sending  steam  mixed  with  the  products  of  combustion  into  a 
vibrating  vessel  partly  filled  with  fusible  metal,  and  Bresson,  in 
1852  (No.  776),  proposed  to  propel  locomotives  and  also  vessels 
in  the  water  by  the  action  of  heated  gases  acting  as  a  rocket 
Sochet,  in  1853  (No.  2,768),  obtained  compressed  hot  air  for 
working  reaction  engines  and  for  other  purposes  by  forcing  cold 
air  into  hot  pipes  by  jets  of  steam.  Imray,  in  1853  (No.  1,569), 
Blanchard,  in  1855  (No.  339),  and  Edwards,  in  1855  (No.  1,560)--- 
all  proposed  to  obtain  motive  power  from  the  products  of  combus- 
tion forced  through  bent  pipes  into  the  water  of  the  boiler,  and  dif- 
fused thereamong  by  means  of  perforated  plates,  the  engine  being 
worked  by  the  intermingled  gases  and  steam.  In  some  cases  the 
water  was  proposed  to  be  diffused  among  the  gases  instead  of  the 
gases  among  the  water.  In  1863,  A.  Merlanchon  (No.  1,449)  pi^^ 
posed  to  transform  heat  into  power  by  burning  fuel  under  pressure 
in  a  close  chamber,  and,  by  projecting  mto  this  chamber  water  in 
a  minutely  divided  state,  to  generate  steam.  The  conjoint  pro- 
dacts  and  steam  were  employed  to  work  an  engine.  Partington 
(No.  2,233)  ii^  1^72  proposed  to  bum  coal  in  a  close  furnace,  into 
which  air  was  forced,  and  the  fuel  w^as  fed  in  by  means  of  two 
sliding  shutters.  The  products  of  combustion  entered  the  boiler 
and  mingled  with  the  steam.  In  1874,  J-  Scott  Russell  (No.  1,962 
and  also  4,177)  proposed  to  generate  power  by  using  the  products 
of  combustion  in  a  boiler  as  well  as  the  steam,  and  the  two  might 
be  used  either  mixed  or  separate.  These  constitute  but  a  portion 
of  the  projects  for  using  the  products  of  combustion  in  a  furnace 
for  the  generation  of  power.  None  of  them  have  come  into  use, 
and  they  are  all  defective  in  various  respects,  chief  among  which 
are  the  arrangements  employed  for  introducing  the  fuel  and  getting 
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rid  of  the  clinker.    The  same  disqualifications  apply  to  all  or 
nearly  all  the  plans  which  have  succeeded  these. 

Q,  Returning  now  more  immediately  to  the  subject  of  air  and 
gas  engines,  what  other  early  examples  of  that  class  of  engine  have 
you  to  notice  ? 

A,  In  1826  Gasy  Cazalat  of  Paris  took  out  a  patent  for  produc- 
ing motive  power  by  exploding  a  mixture  of  air  and  hydrogen  gas, 
and  he  used  the  product  of  the  explosion  to  propel  a  vessel  by 
causing  it  to  pass  through  a  pipe  beneath  the  water  pointing  astern. 
He  expected  to  be  able  to  recover  most  of  the  expense  of  the  zinc 
used  in  the  generation  of  the  hydrogen  by  the  sale  of  the  sulphate 
of  zinc  produced.   The  scheme,  however,  was  a  visionary  one.   The 
first  well-designed  and  really  promising  gas  engine  was  that  of 
Lemuel  W.  Wright,  an  American  settled  in  London,  who  in  1833 
took  out  a  patent  (No.  6,525)  in  which  inflammable  gases  and  air 
are  made  to  explode  in  a  globular  vessel  and  to  work  the  piston  of 
an  engine  like  a  steam  engine,  the  piston  being  lubricated  by  water 
escaping  round  its  periphery,  and  the  cylinder  being  furnished 
with  a  water  jacket.     In  1835  M.  Boucherat  patented  a  method  (A 
obtaining  motive  power  by  exploding  at  intervals  a  combustible 
material  in  a  close  vessel,  and  in  1837  Riviere  and  Braithwaite 
patented  in  Paris  a  mode  of  obtaining  motive  power  from  the  ex- 
pansion of  air.     A  regenerator  was  charged  with  compressed  air 
by  a  pump  to  which  pipes  were  connected  which  passed  through 
the  furnace.     These  pipes  were  raised  to  a  red  heat  and  the  air 
was  then  admitted  into  them.     With  the  extended  heating  surface 
thus  obtainable  the  metal  would  stand  for  a  much  longer  time  than 
in  Stirling's  original  arrangement.   In  1838  Ambrose  Ador  patented 
a  method  of  obtaining  motive  power  by  the  combustion  of  hydrogen. 
In  the  same  year  William  Bamett  (No.  7,615)  proposed  to  obtain 
motive  power  by  the  explosion  of  gases  lighted  by  a  flame  contained 
in  a  hollow  rotating  cock.     This  flame  would  be  put  out  by  the  ex- 
plosion, but  would  be  relighted  by  a  permanent  flame  outside  the 
engine  as  the  opening  in  the  code  again  came  round.     The  flaine» 
it  was  also  stated,  might  be  relighted  by  platinum.   This  is  the  first 
example  of  a  well-contrived  lighting  arrangement,  afterwards  imi- 
tated by  Hugon  and  others.     The  arrangement  will  be  understood 
by  a  reference  to  fig.  170.     It  is  substantially  a  double  touch-ho^ 
arrangement,  intended  to  prevent  the  explosive  mixture  firom  blow- 
ing back,  as  when  the  exterior  touch-hole  is  open  that  between  the 
cylinder  and  the  barrel  of  the  cock  is  shut 
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IT  Q,  Will  you  enumerale  a  few  other  examples  of  explosive  gas 
engines  ? 

A.  In  1840  Demichaelis  and  Monnier  took  out  n  patent  in  Paris 
for  obtaining  motive  power  from  a  mixture  of  hydrogen  gas  and  air, 
exploded  by  an  electric  spark  or  otherwise;  and  in  1841  James 
Johnston  (No.  8,841)  ^l^°  proposed  to  obtain  motive  power  by  ex-- 
ploding  oxygen  and  hydrogen  in  close  cylinders.     In  1843  Joseph 


Fig.  tjo.-  Birnell'f  Lighiing  Cocl.,  ifiji. 


Robinson  (No.  9.972)  proposed  to  obtain  motive  power  by  explod- 
ing  the  vapour  of  turpentine  or  other  inflammable  vapours  or  gases, 
mixed  with  air,  in  close  vessels  ;  and  in  the  same  year  James  Neville 
(No.  9,840)  proposed  to  obtain  motive  power  by  combining  with 
coaJ  the  rough  nitrates  of  potash  and  soda,  the  resulting  salts  being 
carbonates  or  su bear bon ales,  and  the  liberated  gases  working  an 
engine.. This  mixture,  indeed,  constiiutedasort  of  rough  gunpowder, 
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but  not  so  explosive.  In  1841  T.  W.  B.  Reynolds  (No.  10,404) 
obtained  motive  power  by  exploding  gas  which  compressed  air,  and 
this  air  generated  power.  In  1845  Alexander  Gordon  (Na  io^$4S) 
patented  a  method  of  propelling  vessels  by  forcing  air  into  a  dose 
furnace,  and  compelling  the  smoke  to  issue  below  the  water  at  die 
stern  ;  and  by  this  gaseous  stream  the  vessel  was  to  be  propdled. 
This  contrivance,  called  the  *  Fumific  Impeller,'  never  came  into 
use.  The  principle  in  its  main  features  is  sound,  but  the  details 
were  so  faulty  that  it  could  not  have  been  got  to  work-  Moreover, 
the  ascent  of  a  vigorous  stream  of  smoke  from  the  water  at  tbc 
stern  of  a  vessel  would  have  been  quite  inadmissible,  and  the 
indispensable  antecedent  of  any  such  contrivance  would  be  to 
establish  smokeless  combustion. 

Q.  Were  none  of  these  numerous  plans  ever  made  to  answer? 

A.  No,  none  of  them ;  and  I  have  by  no  means  enumerated 
the  whole  up  to  this  date.  The  less  important  I  have  passed  over 
without  notice. 

2.  It  would  be  tedious  to  describe  all  the  plans  which  hav-c 
been  invented,  but  perhaps  it  will  be  as  well  if  you  will  give  a 
few  more  examples. 

A.  On  December  7,  1846,  W.  H.  Fox  Talbot  patented  a  method 
of  obtaining  motive  power  from  gun-cotton  in  a  cylinder  by  elec- 
tricity.    Sir  James  Anderson  proposed  a  similar  application.    But 
such  a  fuel  is  too  expensive  except  for  fancy  purposes.     In  1850 
Edward    Dunn   patented  a  caloric   engine,  but   there   is  nothing 
new  in  it.    On  March  24,  1852,  A.  M.  T.  de  Montravel  patented  an 
air  engine  in  which  the  air  heated  by  fire  was  to  be  used  in  dose 
cylinders,  but  liquid  or  semi-fluid  matters  were  to  be  interposed 
between  the  piston  and  the  air.     In  1852  W.  Quarterman  patented 
an  engine  for  obtaining  power  from  gunpowder  or  gun-cotton.  The 
same  project  has  often  been  reproduced.     In  1853  Fabian  Wredc 
(No.  1,648)  patented  improvements  in  air  engines,  consisting chicfl)' 
of  an  arrangement  whereby  the  air  was   made  to  |>ass  throng 
numerous  holes,  and  it  was  thus  brought  into  more  efficient  contact 
with  the  heating  and  cooling  surfaces.     In  the  same  yearW.  E. 
Newton  patented  an  arrangement  whereby  the  air  was  compressed 
before  it  was  heated  ;  and  R.  Roger  compressed  air  by  pistons  forced 
forward  by  the  explosion  of  gases.   This  compressed  air  was  to  gcn^ 
rate  the  power.    W.  E.  Newton  also  proposed  to  use  an  air  engine 
with  hot  cylinders  and  cold  cylinders  ;  the  hot  to  be  kept  hot  by  a 
hot  jacket,  and  the  cold  to  be  cooled  by  a  water-jacket     The  air 
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was  to  pass  from  beneath  the  piston  in  the  hot  cylinder  to  above 
the  piston  in  the  cold  cylinder.  In  the  same  year  J.  R.  Napier  and 
W.  J.  M.  Rankine  (No.  1,416)  patented  an  air  engine  of  which  the 
peculiarity  consists  in  the  use  of  a  particular  species  of  plunger, 
and  in  heating  and  cooling  the  air  by  sending  it  into  a  number  of 
small  tubes  or  cylinders  into  which  small  plungers  pass.  In  May 
1854,  June  1857,  and  December  1861,  Eugene  Barsanti  and  Felix 
Matteucci  (No.  3,270)  took  out  patents  for  obtaining  motive  power 
from  explosive  gases  and  detonating  compounds.  Hydrogen  gas 
and  air,  it  was  stated,  might  be  exploded  in  a  cylinder  with  two 
pistons.  The  gases  when  exploded  would  drive  the  pistons  forward, 
and  the  pistons  with  suitable  rods  would  impart  their  motion  to 
machinery.  The  explosive  mixture  might  be  ignited  by  a  constant 
flame  forced  forward  by  a  small  pump,  or  a  pneumatic  fire-producing 
apparatus  might  be  employed  for  this  purpose.  But  the  charge 
might  also  by  ignited  by  the  electric  spark.  In  1854  A.  E.  L. 
Bellford  (No.  457)  proposed  to  use  water  as  an  intermediary  for 
transmitting  to  the  piston  the  pressure  of  the  exploded  gases  with- 
out transmitting  their  temperature ;  also  for  using  liquid  carbonic 
acid  as  a  source  of  power — a  suggestion  made  several  years  before 
by  Sir  Humphry  Davy  and  by  various  other  persons.  In  1856 
C.  J.  B.  Torassa  patented  an  arrangement  for  using  hydrogen  gas 
obtained  from  the  decomposition  of  water  in  generating  power,  and 
in  1857  J.  S.  Rousselot  again  patented  the  same  idea.  In  July  1858 
G.  Cavaggia  and  A.  Spinelli  patented  an  arrangement  for  using 
the  gases  evolved  by  the  slow  combustion  of  nitrates,  fulminates, 
&c.,  in  the  generation  of  power.  In  1859  James  Anderson  took 
out  a  patent  (No.  2,767)  for  obtaining  power  by  the  explosion  of 
carbonic  oxide  in  a  cylinder.  On  June  30,  i860,  Henry  Francis 
Cohade  took  out  a  patent  for  obtaining  power  by  the  explosion  of 
suitable  gases,  and  in  the  same  year  Jean  Etienne  Lenoir  (No. 
335)  patented  his  gas  engine,  in  which  motive  power  is  obtained 
from  a  mixture  of  air  and  inflammable  gas  exploded  by  the  elec- 
tric spark.  In  1861  he  patented  (No.  107)  improvements  in  his 
gas  engine,  in  which  the  air  and  gas  arc  introduced  through 
perforations  in  a  valve  which  dispose  them  in  alternate  strata,  and 
moist  steam  or  mist  or  spray  of  water  is  also  introduced  to  increase 
the  pressure  at  the  moment  of  explosion.  This  was  no  doubt  a  mis- 
take. The  combustion  should  have  been  perfected  before  water  was 
introduced,  as  premature  cooling  will  prevent  much  of  the  gas  from 
^ing  burnt  at  alL     Lenoir's  engine  was  therefore  expensive  in  gas, 
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Nevertheless,  it  was  the  first  species  of  gas  engine  which  was 
practically  introduced,  and  to  it  others  which  have  been  more  suc- 
cessful owe  their  parentage.    This  engine  is  represented  in  Fig. 


i"i.  A  is  the  cylinder  ;  b,  the  framing ;  i.the  halding-doira 
of  the  cylinder ;  c',  the  crank;  D,  the  forked  connecting  rod;  c 
guide  pillar,  and  </.  the  guide  eye  for  taking  the  end  of  the  p 
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rod  ;  E  is  the  eccentric  which  moves  the  slide  valve  by  which  the 
gas  and  air  are  admitted,  and  there  is  another  similar  eccentric 
and  valve  on  the  other  side  of  the  engine,  to  let  out  the  products 
of  combustion.  F  is  the  eccentric  rod.  The  cock  H  admits  the  gas 
into  the  branching  pipe  G  and  the  distributory  vessels  G  G,  whence 
it  is  admitted  by  the  slide  valve  into  the  cylinder.  The  products  of 
combustion  pass  out  through  similar  ports  on  the  other  side  of  the 
cylinder,  and  escape  through  the  eduction  pipe  J'.  The  water  cir- 
culating in  the  water-jacket  escapes  by  the  pipe  K'.  The  exploding 
apparatus  is  a  RuhmkorfTs  coil  which  heats  to  ignition  a  small 
piece  of  porcelain  interposed  between  the  ends  of  the  wires  within 
the  explosive  mixture.  L  is  the  battery  ;  M  is  the  bobbin  on  which 
the  coil  of  wire  is  wound,  and  uu  \s  2i  core  of  soft  iron  placed 
within  it ;  /,  g,  o^  o\  and  r  are  wires  to  communicate  the  electricity 
to  the  exploders.  The  wire  o,  which  answers  to  the  negative  pole, 
is  attached  to  the  stand  o.  The  wire  r  which  answers  to  the  posi- 
tive pole  is  attached  to  the  bar  j,  which  is  insulated  by  a  sheet  of 
india-rubber,  x.  Y  is  one  of  the  exploders  connected  with  the  in- 
sulated bar  ss  by  the  wires  /  Z',  and  R  is  a  runner  attached  to  the 
piston  rod  by  which  contact  is  made  and  broken.  The  mixture  of 
air  and  gas  being  admitted  into  the  cylinder  during  a  certain  por- 
tion of  the  stroke  is  exploded  at  some  predetermined  point,  when 
the  piston  is  pressed  by  the  imprisoned  gases  to  the  end  of  the 
stroke,  and  is  then  forced  back  to  the  other  end  by  a  repetition  of  the 
same  operation.  Hugon's  engine  is  very  similar  to  Lenoir's,  except 
that  in  Hugon's  the  mixture  is  ignited  by  a  lighted  jet  of  gas  instead 
of  by  the  electric  spark. 

In  i860  a  patent  (No.  2,074)  was  granted  to  Sir  C.  W.  Siemens 
for  *  Improvements  in  engines  to  be  worked  by  the  alternate  ex- 
pansion and  contraction  of  steam  and  other  elastic  fluids.'  An 
engine  of  this  nature  was  described  in  a  specification  of  a  patent 
granted  to  the  same  inventor  (No.  1,363  of  i860),  and  is  described 
in  the  *  Artisan  Treatise  on  the  Steam  Engine.'  But  the  objection 
to  it  was  that  it  was  bulky  and  complex,  and  that  the  ends  of  the 
cylinders  which  were  to  be  heated  by  coal  fires  were  soon  burnt 
out  By  the  more  recent  patent  these  evils  were  proposed  to  be 
surmounted  by  turning  the  coal  into  carbonic  oxide  by  slow  com- 
bustion in  a  furnace  or  gas  generator,  as  has  been  done  in  the  gas 
furnaces  of  Silesia  during  more  than  a  century,  and  this  gas  was  to 
be  burnt  by  means  of  a  number  of  jets  of  atmospheric  air  distributed 
in  such  a  way  as  to  produce  nearly  an  equal  heating  effect  over  the 
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entire  surface  of  the  healed  vessel.     By  another  arrangement 
heat  is  proposed  to  be  generated  by  internal  instead  of  external 
combustion.     For  this  purpose  a  chamber,  which   may  be  hncd 
with  platinum  or  other  refractory  material,  is  to  be  attached  to  the 
hot  end  of  each  working  cylinder.     Two  pipes,  one  carrying  air 
and  the  other  gas,  which  is  ignited  at  the  point  of  junction,  supply 
the  heating  power  necessary  to  make  good  the  loss  of  temperature 
in  the  fluids  propelling  the  working  pistons  consequent 
expansion.     The  carbonic  oxide  supplied  to  the  engine  shaukl,J 
is  stated,  be  cooled  and  purified  before  being  used,  which 
turn  implies  bulk  and  complication.     Fig.   172  is  a   longtti 
section  of  this  engine,  with  a  cross  section  on  iJie  right-hajid 
and  a  gas  generator  at  the  left-hand  end.     It  will  be  seen  from 
cross  section  that  there  are  five  cylinders  cast  in  a  piece  wit 
bottom  frame,  and  of  which  the  central  cylinder  constitutes 
reservoir,  while  the  other  four  are  working  cylinders,  the  pis- 
ton rods  of  which  are  connected  with  a  wabbling  disc,  an  arm 
from  which  turns  round  the  shaft  in  the  same  way  thai  a  ctani 
would  do.     There  is  nothing  new  in  such  an  arrangement 
implies  many  cylinders  and  much  complication,  though  it  can! 
made  to  work.    This  engine  is  fitted  uiih  a  regenerator,  whi 
however,  is  not  shown  in  the  figure.    The  gas  generator  shown 
ihe  left-hand  side  consists  of  two  cj-lindcrs,  one  set  on  the  H^' 
the  other,  so  that  it  may  be  lifted  off  by  the  handles,  and  both  jre 
lined  with  refractory  material.    At  the  bottom  of  this  lining  ibett 
is  a  grale,  to  which  the  coal  is  fed  through  a  cover  at  the  lop> 
which  is  set  in  a  sand-bed  to  prevent  the  escape  of  gas.    Such  a" 
arrangement  is  quite  inadequate  for  serious  work,  and  on  the  vrholt 
it  is  certainly  not  surprising  that  so  crude  a  production  never  cartif 
into  practical  use, 

Q.  What  other  patents  were  taken  out  in  i860  and  1861  ? 

A.  F.  H.  Edwards  (No.  2,999)  patented  an  air-engine.  M- A 
F.  Mennons  patented  an  engine  in  which  the  air  was  heated  hf^' 
internal  jet  of  gas.  W.  E.  Newton  patented  a  compressed  a" 
engine  heated  by  an  internal  jet  of  gas.  Pierre  Hugon  paicni''' 
the  use  of  two  platinum  wires  heated  by  a  jet  of  gas  to  effect  i^ 
explosion  in  gas-engines  ;  and  Louis  Simon  patented  an  air-cnpf" 
which  was  an  imitation  of  Ericsson's.  All  these  were  in  l86ft  '" 
1861  J.  B.  Pascal  (No.  166)  patented  an  engine  worked  by  «'" 
bonic  oxide  gas  exploded  in  a  cylinder  ;  and  F.  Million  (No.  t.M 
palented  an  engine  in  which  a  mixture  of  air  and  carbonic 
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are   exploded   by   the    electric    spark.      The    carbonic    oxide 
generated  in  a  close  furnace,  like  xn  iron  furnace,  the  fuel  being 
fed  in  through  a  hopper  at  the  top  furnished  with  double  valves. 

In  1861  also  Philander  Shaw  (No,  1,818)  patented  imprmf- 
ments  in  hot-air  engines  in  which  he  used  plungers  kept  cool  by 
a  smaU  stream  of  air ;  Theodore  Schwaru  (No.  3,797)  pnitnted 
improvements  in  the  details  of  caloric  engines;  and  Huch  and 
Windhauaen  patented  impraveinents  in  caloric  engines,  in  which 
hoi  air  and  the  products  of  combustion  were  made  to  work  xa 
engine,  the  furnace  being  close,  and  the  fuel  fed  in  through  « 


I 


hopper  with  double  valves.  Philander  Shaw's  engine  was  sbowi 
in  operation  at  the  Paris  Exhibition  of  1S67, 

Q..  What  are  the  special  features  of  thai  engine  ? 

A.  They  are  represented  in  figs.  173, 174. 175.  and  I76,  A  is  i^' 
close  furnace,  into  which  the  fuel  is  introduced  through  the  hop]; 
H,  which  is  furnished  with  two  sluice  valves — one  at  the  moi:;. 
which  is  usually  kept  shut,  but  which  is  opened  when  the  (be!  b" 
to  be  introduced  ;  and  one  between  the  hopper  aod  the  funuR- 
which  is  shut  when  the  top  valve  is  opened,  so  as  to  prevent  tl* 
hot  air  shut  within  the  furnace  from  escaping  into  the  acmospben. 
The  intermediate  valve  being  shut,  and  the  top  valve  openn^  ft" 
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s  filled  with  fuel,  and  the  top  valve  beini;  then  closed,  and 
he  intennediate  valve  opened,  the  ftiel  falls  into  the  furnace  without 


more  hot  air  than  thai  which  fills  the  hopper.     B  B 
e  cylinders,  and  ii'  3.  iiunk  piston  or  plunger,  of  which  the 
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annular  part  acts  as  a  compressing  pump  Tor  sending  air  in 
furnace,  while  the  lower  face  of  the  piston  is  pressed  by  t 
products  of  combustion,  c  is  a  vessel  containing  a  numlx 
vertical  tubes  through  which  the  exhausted  hot  sir  passes  t< 
chimney,  and  past  which  the  air  forced  into  the  furnace  flows  s( 
to  absorb  the  surplus  heat  ;  and  d"  is  a  govemor.  F  and  c  are  the 
inlet  and  outlet  valves  of  the  pump,  and  E'  the  vaU'c  for  admittinf 
the  hot  products  of  combustion  to  act  upon  the  pisi 
communicating  pipes  between  the  engine  and  tubular  air-hi 
The  engine  exhibited  in  Paris  had  t 


1 


■  '  I'  nrid  i8  inches  stroke.  The  pistons  irit 
connecifil  hy  .m  Lucrhead  beam,  and  the  tninks  tt'ere  ijj  incl« 
diameter.  The  working  pressure  was  14  lbs.  per  s(]uarc  in^!' 
The  furnace  was  formed  of  boiler  plate,  lined  with  two  rows  of  Iik 
bricks,  between  which  the  enteriog  air  circulated  before  comir. 
in  contact  with  the  fuel,  so  as  lo  keep  the  casing  cooL 

Q.  As  Hugon's  engine  is  so  like  Lenoir's,  except  in  the  ligh'n! 
being  eflccted  by  a  fixed  master  light,  as  in  Baroett's,  instead  of  :■ 
the  electric  spark,  it  will  not  be  necessarj-  to  go  in  any  detail  ini" 
the  structure  of  Hugon's  engines.  But  what  have  you  to  say  abow 
Otto's,  which  seem  to  have  superseded  the  other  kinds? 

A.  The  '  Otto '  engine  is  of  much  the  same  date  as  the  Lenoii 
and  the  Hugon,  and  it  also  was  shown  at  the  Paris  Exhibition  •* 
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1867.  Lenoir  and  Hugon's  original  engines  were  worked  with 
eight  volumes  of  air  to  one  of  coal  gas,  and  Otto's  with  nine 
volumes  of  air  to  one  of  gas.  The  cause  of  the  preference  given  to 
Otto's  engine  is  its  greater  economy  of  gas.  The  respective  per- 
formances of  the  three  engines  were  ascertained  experimentally  by 
Tresca,  who  found  that  to  generate  a  force  of  one  horse-power  140 
cubic  feet  of  gas  per  hour  were  consumed  by  the  Lenoir  engine, 
85  cubic  feet  by  the  Hugon,  and  35  by  the  Otto  engine.  The 
absolute  pressure  generated  in  the  c>'linder  by  the  explosion  was 
five  atmospheres  in  the  case  of  the  Lenoir  and  Hugon  engines,  and 
from  four  to  six  atmospheres  in  the  case  of  the  Otto,  so  that  the 
cost  of  maintenance  was  very  high.  By  the  use  of  carbonic  oxide,^ 
however,  instead  of  coal  gas  as  the  motive  agent,  this  cost  may 
be  greatly  reduced.  But  the  preparation  of  the  gas  will  require 
a  man's  attention  and  time  ;  whereas  in  the  case  of  ordinary  gas 
engines,  working  with  gas  from  the  main,  this  may  be  dispensed 
with.  The  cost  of  a  man's  time,  it  is  needless  to  say,  is  a  con- 
siderable addition  to  the  cost  of  the  motive  power  in  the  case  of 
small  engines,  and  no  large  gas  engines  have  yet  been  constructed. 

g.  What  are  the  special  features  of  the  Otto  engine  ? 

A,  Two  forms  of  the  Otto  engine  have  been  produced  differing 
very  much  from  one  another.  In  the  first  form  the  cylinder  was 
vertical,  the  piston  was  of  considerable  weight,  and  the  energy  of 
the  explosion  expended  itself  by  shooting  up  the  piston  like  a  shot 
out  of  a  gun,  the  cylinder  being  made  of  considerable  height,  so  that 
the  energy  of  the  explosion  might  expend  itself  without  the  piston 
leaving  the  cylinder.  The  piston  left  a  vacuum  behind  it,  as  in 
Brown's  vacuum  engine,  and  this  and  the  weight  of  the  piston  termi- 
nated the  motion  before  the  piston  had  gone  too  far.  There  were  twa 
heavy  fly-wheels  to  equalise  the  motion,  and  on  the  fly-wheel  shaft 
there  was  a  ratchet  arrangement  v/hich  permitted  the  piston  to  be 
shot  up  without  interfering  with  the  motion,  but  the  piston  could  only 
get  back  to  the  bottom  of  its  stroke  by  pressing  round  the  ratchet- 
wheel,  and  therefore  the  fly-wheel,  with  the  force  due  to  the  weight  of 
the  piston  and  the  vacuum  beneath  it,  acting  during  the  whole 
length  of  the  cylinder  from  the  top  to  the  bottom.  This  species  of 
engine  was  noisy  and  deficient  in  uniformity  of  impulse,  and  about 
1876  it  was  exchanged  for  another  form  more  resembling  Lenoir's 
and  Hugon's.  Both  of  these  forms  are  exhibited  in  figs.  177  and 
178.  The  old  form  is  not  now  made,  but  the  new  form  has  been 
introduced  very  extensively,  and  constitutes  the  prevailing  type  of 
gas  engine  now  supplied. 
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Q.  Before  entering  iino  any  practical  exposilJOD  of  the  n 
of  the  most  prominent  engines  it  will  be  as  well  to  complete  the 
enumeration  of  the  different  plans  which  have  been  propounded, 
with  a  brief  indication  of  their  most  essentia]  features.  Will  you 
therefore  proceed  to  do  (his  ? 

A.  The  operation  will  be  laborious,  and  involves  a  good  deal  of 
repetition,  as  identical  e\pedicnis  have  been  patented  again  and 
again.  But  1  know  of  no  other  course  by  which  a  view  of  the 
whole  reach  of  invention  in  this  department  of  the  arts  can  be 
commanded.  This  work  of  drudgery  hai'ing  been  performed,  it 
will  become  possible  to  deal  with  the  general  question  of  the 
merits  of  this  type  of  ihermo-dyn.imic  engine  with  s 

O.  Advancing  then  from  1861,  what  do  we  find? 

A.  Omitting  Eome  trivial  devices,  we  find  that  in 
Richards  (No.  3,806)  patented  several  improvements  in 
of  Stirling's  or  Ericsson's  hot-air  or  caloric  engines, 
and  C.  Pratt  patented  an  air  engine,  in  which  they  expanded  i 
air  by  heat  and  contracted  it  by  cold,  the  air  being  kepi  i: 
of  great  concentration.  But  Stlriinj;  and  many  others  had  pre- 
viously done  this.  In  1S68  J.  M.  Plcsner  patentedan  arrangemcni 
for  obtaining  power  from  atmospheric  pressure  resulting  from  i 
vacuum  formed  by  the  expulsive  action  of  flames  on  air  contain 
in  a  cylinder,  which  had  been  done  half  a  century  before  by  Bro 
and  others,  while  Otto's  engine  operating  upon  this  principle  ' 
already  in  use.  Caldwell  in  187^  (No.  340)  proposed  to  break  ■ 
a  jet  of  hydrocarbon  fluid  by  projecting  upon  ii  a  jet  of  51 
heated  steam,  as  had  often  been  dotie  and  proposed  before  tl 
lime.  In  1874  Hirscb  (Ko.  594)  proposed  to  work  an  engine  w 
the  products  of  combustion  of  liquid  or  gaseous  fuel,  and  ti 
regenerator  as  in  Stirling's  engine.  Brayton  (No.  4^2)  in  1871 
proposed  10  form  an  intimate  mixture  of  air  and  a  light  hydro- 
carbon. This  mixture  was  to  be  stored  in  a  reservoir,  undat 
high  bnt  uniform  pressure,  and  a  jet  of  the  mixture  was  igniiedli 
the  cj'linder,  .and  thus  generated  power.  Fogarty  (No.  3,848)1 
1873  proposed  an  arrangement  similar  10  the  foregoing,  but  ^ 

'  It  would  be  inipo5sib)e  la  the  liniiti  uilliiD  which  these  remorlis  n 
confined  to  denl  widi  the  question  of  furnaces.  Vet  the  futnaee  i*  ol 
vssenliAl  part  of  a  Ihcrnio^dynamic  ArrangcnieiiL.  Those  deslrinf  h 
lion  on  that  subject  may  consul!  my  '  Treatise  on  Steam.  Air,  and  GdU  E 
Quarto.     Longmans  and  Co.      187B.— J.  B. 
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lamed  gases  were  to  aa  upon  water  in  a  U  tube.  Turner  (No. 
4^8)  in  1873  proposed  ro  utilise  the  direct  force  of  the  explosii 
of  gas  as  well  as  the  indirect  force  of  the  vacimm,  which  could  n 
be  done,  as  whatever  was  gained  by  one  would  be  lost  by  the 
other;  and  Julius  Hoch  (No.  493)  in  1874  proposed  !< 
engine  by  the  ignition  of  petroleum  spray.  This  engine  was 
shown  in  operation  at  South  Kensington,  but  has  not  come  into 
use.  Brayton's  cn^nc  is  represented  in  fig.  179.  It  operates  upon 
<|1k  principle  of  cotllinuous  coiiibii_^lioii,  and  where 


gas  engines  the  power  is  ;;cner.ilk:ii  bythecKplos 
uf  gas  and  air,  in  this  engine  the  power  is  generated  by  the  increased 
bulk  of  air  when  healed.  There  is  a  reservoir  for  holding  a  limited 
qaantity  of  the  gaseous  mixture,  and  a  jet  of  it  is  burnt  under  pres- 
sure to  generate  power.  Coal  gas  may  be  used  instead  of  the  I'apour 
of  petroleum  or  other  hydro-carbon,  and  the  best  proportio 

e  said  to  be  twelve  volumes  of  air  to  one  of  gas.     Re- 
]g.  179,  A  is  the  cylinder  proper  of  the  engine,  which  is 
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fitted  ii'ith  a  piston  B.    The  piston  is  protected  from  the  heat  \ 

having  affixed  to  it  a  block  of  refractory  material,  and  the  cj'linder 
is  fitted  with  a  ivater-jackel.  The  cylinder  a,  with  its  pisloo  B,  is 
surmounted  by  an  air-pump  c,  fitted  with  a  compressing  piston  it, 
and  ihe  rod  E  unites  both  pistons.  The  air-compressing  pump  is 
supplied  with  a  proper  induction  valve  a,  and  eduction  valve  *, 
F  is  a  chamber  provided  with  two  inlets  e  and  d,  one  for  air  and 
the  other  for  combustible  gas  or  vapour.  The  ciovcmeni  of  the 
air-pump  piston,  D,  will  at  each  downward  stroke  draw  into  the 
barrel,  C,  a  charge  of  the  gaseous  mixture,  and  on  the  upward 
stroke  of  the  piston  this  charge  will  be  compressed  into  the  reser- 
voir c.  In  a  chamber,  H,  at  the  bottom  of  the  cylinder  A  there 
are  a  number  of  wire-gauze  diaphragms,  e,  to  prevent  the  flame 
from  striking  back  into  the  reservoir,  1  is  a  screw  \-alve,  which 
allows  the  gaseous  mixture  to  flow  into  the  passage  /,  when  the 
valve  h  is  opened  at  every  upstroke  of  the  piston  by  the  cam  j, 
which  moves  the  lever  K  and  the  valve  rod  k.  The  spring  / 
causes  the  valve  h  to  close  when  released  from  the  cam.  tn 
starting  the  engine,  a  lighted  taper  is  introduced  through  the 
exhaust  port.  A  small  quantity  of  the  gaseous  mixture  is  kept 
always  burning,  but  the  volume  of  the  fiame  is  enlarged  and 
contracted  at  each  stroke  by  the  valves  turning  off  or  on  the  gas. 
Should  the  flame  go  out,  it  will  not  be  relighted  i 
engine  by  a  master-flame  outside.  In  No.  4,413  of  1876  « 
another  patent  by  the  same  inventor  for  an  improvcmen 
engine  by  introducing  water  into  the  piston  through  two 
piston  rods,  in  which  a  circulation  of  water  is  maintained. 

Q.  What  patents  were  there  taken  for  gas  or  vapour  engines  in 
1875? 

A.  There  was  a  patent  (No.  71)  granted  to  G.  W.  Daimlerfw 
'  Improvements  in  motor  engines  worked  by  gas  or  combustible 
vapour  and  air.'  Besides  the  working  piston,  two  other  pistow— 
one  on  each  side  of  the  working  piston — were  used.  These  latter 
pistons,  it  is  directed,  are  to  be  loose  in  Ihe  cylinder,  and  are  tn  br 
made  very  light.  On  the  ignition  of  the  explosive  mixture  ihi 
front  loose  piston  will  be  propelled  rapidly  to  the  front  end  of  tli-^ 
cylinder,  where  it  is  retained  by  special  means.  The  gascau- 
products  of  the  explosion  being  cooled  by  their  expansion,  a  pattiil 
vacuum  will  be  produced  in  the  cylinder,  whereby  the  woikios 
piston,  and  with  it  the  back  loose  piston,  will  be  caused  by  the 
leric  pressure  to  travel  together  towards 


he  gas. 
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the  cylinder.  The  working  piston  moving  on  while  the  back  loose 
piston  is  arrested,  a  space  is  left  between  the  two,  into  which  a 
fresh  charge  of  air  and  gas  is  drawn.  At  the  same  time,  the 
working  piston  approaching  the  front  loose  piston  forces  out  the 
products  of  combustion.  Such  are  the  main  features  of  this 
design.  Then  there  was  granted  to  Smyth  and  Hunt  the  patent 
^^o-  2,334.  Two  cylinders  are  used,  one  opposite  to  the  other,  and, 
as  in  the  last  arrangement,  there  is  to  be  a  loose  piston  as  well  as 
a  working  piston  in  each.  A  partial  vacuum  will  be  created  by 
the  explosion  between  the  two  pistons,  into  which  the  next  charge 
will  be  drawn.  There  is  next  the  patent  (No.  3,221)  granted  to 
Francis  William  Crossley  and  William  John  Crossley  for  *  Improve- 
ments in  gas  motor  engines.'  The  object  of  these  improvements 
is  to  provide  an  efficient  spring  or  cushion  for  the  piston,  and  to 
render  the  action  of  the  governor  more  effective.  A.  K.  Ryder 
patents  (No.  3,404)  his  hot-air  engine  in  this  year.  There  is  next 
the  patent  (3,615)  of  N.  A.  Otto  for  improvements  in  engines 
worked  by  gas  and  air.  The  improvements  referred  to  are  appli- 
cable to  the  kind  of  engine  in  which  a  piston  is  propelled  without 
doing  work,  as  exemplified  in  the  patents  Nos.  2,098  of  1863,  1,173 
of  1864,  and  2,959  of  1870,  granted  to  the  same  inventor.  They 
consist  in  the  substitution  for  the  mechanisms  therein  described — 
and  shown  in  fig.  177 — of  hydraulic  apparatus,  whereby  a  liquid  like 
water  or  oil  is  made  to  accomplish  the  desired  alternation  of 
action.  This  plan  was  never  practically  carried  out,  having  been 
supplanted  by  the  same  inventor's  engine  of  the  Lenoir  type. 
There  is  next  the  patent  (No.  4,342)  granted  to  Alexis  de  Bisschop. 
The  main  features  of  novelty  in  this  engine  are  a  long  stroke  (ten 
or  more  diameters  are  recommended),  no  water-jacket,  but  radiat- 
ing surfaces  of  five  times  greater  collective  area  than  the  area  of 
the  exterior  surface  of  the  cylinder.  The  air  and  gas  pipes  arc 
made  so  long  that  their  mouths  where  the  valves  work  are  removed 
from  the  influence  of  the  heat.  This  completes  all  that  is  worth 
notice  in  1875. 

Q.  What  have  we  in  1876.'* 

A,  There  is  the  patent  (No.  132)  granted  to  Francis  William 
Crossley  for  *  Improvements  in  gas  motor  engines.'  Those  improve- 
ments have  reference  chiefly  to  a  mode  of  moving  the  valves  to 
start  the  engine  without  the  necessity  of  rotating  the  fly-wheel. 
Then  there  is  the  patent  (No.  1,520)  granted  to  Frank  Wirth. 
This  invention,  it  is  stated,  relates  to  engines  for  obtaining  motive 
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power  from  the  explosion  of  gas  without  noise  and  at  a  slight  cost 
The  engines  made  on  this  plan,  it  is  stated,  are  simple  in  construc- 
tion, and  are  susceptible  of  easy  repair.    An  elongated  cylinder  is 
employed,  open  at  one  end  and  fitted  with  two  pistons,  as  has  so 
often  been  proposed  both  before  and  since.    The  working  fMston 
is  connected  in  the  usual  way  to  a  crank.    The  other  piston,  which 
is  termed  the  loose  piston,  has  a  rod  passing  through  the  cylinder 
cover,  and  through  two  friction  cheeks  mounted  on  levers  in  such 
a  manner  that  they  permit  the  free  motion  of  the  piston-rod  in  one 
direction,  but  not  in  the  opposite  direction  until  the  cheeks  are 
relieved  by  an  eccentric  at  a  certain  appointed  part  of  the  stroke. 
At  the  side  of  the  cylinder  near  the  middle  of  its  length  is  the  gas- 
slide,  which  is  worked  by  a  cam  on  the  shaft     In  its  jacket  are 
provided  passages  for  the  ingress  and  mixture  of  air  and  inflam- 
mable gas,  and  of  a  kindling  flame.     In  the  patent  3,37P»  granted 
to  Sack  and  Reunert  for  improvements  in  gas  motor  engines,  it  is 
claimed  that  the  engine  occupies  less  space  than  heretofore,  and 
also  that  it  is  more  uniform  in  its  action.    The  gas  used  is  to  be 
the  vapour  of  gasoline,  petroleum,  or  other  suitable  fluid  hydro- 
carbon.   There  does  not  appear  to  be  any  novelty  in  the  design. 
The  cylinder  is  provided  with  a  differential  piston.     The  explosion 
chamber  is  placed  at  the  side  of  the  cylinder,  and  is  provided  with 
a  slide-valve  for  admitting  at  each  revolution  of  the  driving  shaft 
the  required  quantity  of  the  explosive  mixture,  which  being  inflamed 
enters  the  cylinder  below  the  piston,  acting  on  the  smaller  surface 
thereof ;  and  before  the  piston  arrives  at  its  highest  point  a  valve 
allows  the  mixture  to  enter  above  the  piston  and  act  on  its  larger 
surface.    When  the  piston  has  completed  its  stroke,  the  valve, 
worked  by  a  link  motion,  allows  the  escape  of  the  gases  to  take 
place.    The  cylinder  and  explosion  chamber  are  surrounded  by 
water.     An  arrangement  is  provided  for  lubricating  the  piston  with 
distilled  water,  as  also  the  stuffing-box.     The  piston-rod  is  con- 
nected with  the  crank  in  the  usual  manner.     In  the  patent  4,987, 
granted  to  R.  Hallewell,  the  end  of  the  cylinder  is  fitted  with  a  per- 
forated plate,  through  the  small  orifices  in  which  the  gas  is  forced 
by  a  small  pump,  the  object  of  this  arrangement  being  to  make  the 
combustion  more  gradual,  and  thus  obviate  the  shock  resulting 
from  explosion.     In  fig.  180  a  representation  is  given  of  a  part  of 
this  engine ;  and  in  figs.  181,  182,  and  183,  sections  of  the  admission 
and  igniting  valves  in  different  positions  :  6  is  the  perforated  plate 
at  the  end  of  the  cylinder,  and  1 5  the  small  gas-pump ;  1 1  is  a  cam, 
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and  12  the  roller  on  which  it  works  for  propelling  forward  the  valve 
7,  which  is  returned  by  a  spring,  13.   8, 9,  and  10,  when  in  line,  permit 
the  air  to  enter  the  cylinder,  and  upon  the  air  so  admitted  the  jets 
of  gas  are  forcibly  projected  by  the  gas-pump.   In  the  patents  1,961, 
granted  to  Lascelles,  3,435,  to  Simon,  and  4,422,  to  Lake,  there  is 
nothing  requiring  special  notice.     But  the  patent  2,081,  granted  in 
this  year  to  N.  A.  Otto,  is  deserving  special  attention,  as  it  may  be 
regarded  as  the  first  really  successful  horizontal  gas  engine  that 
was  made,  and  most  of  those  emanating  from  other  sources  which 
have  since  appeared  are  more  or  less  close  imitations  of  the  ar- 
rangements which  Otto  here  introduced.     It  will  be  proper  to  de- 
scribe pretty  fully  this  ver>'  meritorious  engine,  as  we  must  recognise 
it  as  the  pioneer  of  all  that  has  since  been  successfully  done  in  this 
department  of  the  arts.  No  doubt  Lenoir  and  Hugon  both  made  a  gas 
engine  to  work,  as  others  had  done  on  the  experimental  scale  before 
their  time  ;   but  Otto's  engine  was  the  first  that  was  sufficiently 
economical  in  its  consumption  of  gas  to  enable  the  system  to  endure. 
In  the  annexed  cuts  184  and  185,  fig.  184  is  a  longitudinal  sec- 
tion of  an  engine  on  Otto's  improved  design,  the  cylinder  A  having 
a  piston  B  connected  to  the  fly-wheel  shaft  in  the  manner  usual  in 
steam  engines,  an  inlet  passage  c,  controlled  by  the  slide  D,  and  a 
passage,  E,  for  the  emission  of  the  products  of  combustion  closed  by 
a  valve  F.     When  the  piston  is  at  the  end  of  its  in-stroke  its  inner 
surface  being  at  a^  the  slide  D  is  in  such  a  position  that  as  the  piston 
begins  its  out-stroke,  air  entering  by  the  aperture  d'  passes  D  and 
C  into  the  cylinder.     When  the  piston  has  reached  the  point  b  the 
slide  has  moved  so  as  to  admit  combustible  gas  or  vapour  from  the 
passage  G  to  mix  with  the  entering  air,  until  the  piston  reaches  the 
point  r,  when  the  slide  has  moved  back  to  the  position  shown,  cut- 
ting off  the  gas  and  air  supply,  and  about  to  establish  a  communica- 
tion between  a  small  gas  flame,  H,  in  G'  and  the  charge  in  the  cylinder. 
The  combustible  gaseous  mixture  entering  the  cylinder  behind  the 
air  previously  admitted  becomes  partially  mixed  therewith,  being 
thus  dispersed  more  and  more  towards  the  piston,  as  indicated  by 
the  dots  in  the  drawing,  which  represent  the  combustible  particles. 
Fig.  185  is  part  plan  of  another  form.     The  engine  being  single- 
acting,  the  cylinder  A  is  open  in  front.    At  its  closed  back  end  it 
has  beyond  the  stroke  of  the  piston  a  space  A',  preferably  of  coni- 
cal form,  tapering  to  the  inlet  port  c,  and  also  communicating  by  a 
passage,  E,  with  the  valve  F,  for  discharging  the  products  of  com- 
bustion.   At  one  end  of  the  shaft  is  the  crank  k',  connected  by 
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^  link,  d',  to  ihe  valve  D,  which  governs  the  admission  of  gas  and 
±iir  Into  [he  cylinder.  When  the  piston  is  at  ihe  end  of  its  in-struke, 
and  about  lo  be  moved  outwards  by  the  momenium  of  the  fly- 
Mheet,  then  the  slide  D  is  in  position  to  adniit  air  through  the  pas- 


sage D'  and  port  c  into  the  cylinder,  until  the  piston  reaches  ilie 
point  a,  when  the  slide  attains  such  a  position  that  combustible 
gas  is  drawn  in  together  with  air  until  the  piston  reaches  the  end 
of  its  out-stroke.     The  slide  having  now  closed  the  inlet  port  c. 
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the  piston  is  caused  by  the  momentum  of  the  fly-wheel  to  perfonn 
its  in-stroke,  compressing  the  charge  of  gas  and  air  into  the  space 
A'.  The  slide  now  moves  so  as  to  admit  the  gas  flame  H,  igniting 
the  charge,  whereby  the  piston  is  caused  to  perform  its  out-stroke, 
imparting  fresh  momentum  to  the  fly-wheel.  This  momentum 
again  causes  the  piston  to  perform  its  in-stroke,  expelling  the  pro- 
ducts of  combustion  through  a  valve,  which  is  opened  by  the 
lever  F'  F*  acted  on  by  a  cam  F'  driven  by  the  wheel  R.  The  quantity 
of  gas  introduced  is  regulated  by  the  gas-slide  P,  controlled  by  a 
governor  Q ;  L  is  the  valve  cover,  and  G,  G*,  and  G*  the  gas  pipe ; 
s  S  is  the  igniting  gas.  This  concludes  the  patents  taken  out  in 
1876. 

Q.  Will  you  now  enumerate  the  patents  taken  out  in  1877  .^ 
A.  Dugald    Clerk,   of  Glasgow,  analytical  chemist,  patented 
(No.  252)   improvements  in  motive-power  engines  working  with 
hydrocarbon  gas  or  vapour.     It  is  a  special  feature  of  this  design 
that  the  expanded  gases  due  to  the  explosion  act  directly  through 
valves  on  air  or  gases,  a  portion  of  which  they  force  into  a  resenoir, 
instead  of  acting  upon  a  piston  as  in  other  explosion  motor  engines. 
The  explosion  takes  place  in  a  chamber  between  which  and  the 
reservoir  there  is  an  intermediate  chamber,  and  any  convenient 
engine  is  worked  by  the  gaseous  mixture  under  the  pressure  which 
is  in  the  reservoir.     The  valves  between  the  explosion  chamber 
and   the   intermediate  chamber,   and    between    the   intermediate 
chamber  and  the  reservoir,  may  be  moved  by  the  gases  or  by 
mechanism  from  the  engine.     A  piston  is  by  preference  worked  in 
the  explosion  chamber  for  drawing  in  the  supply  of  gas  or  vapour 
and  of  air  for  each  explosion.    The  explosion  is  succeeded  by  a 
partial  vacuum,  which  is  made  to  aid  in  working  the  engine.    The 
engine  is  large,  and  the  mechanism  is  complex,  and  a  better  engine 
has  more  recently  been  produced  by  the  same  inventor.     A.  Uito 
and  F.  W.  Crossley  patented  (491)  *  Improvements  in  gas  motor 
engines.'     One  of  these  improvements  is  to  prevent  waste  of  gas 
should   the  engine   be  brought  to  rest  with   the  gas-slide  open. 
Another  is  to  take  back  into  the  cylinder  some  of  the  hot  products 
of  combustion  when  the  engine  is  not  required  to  be  worked  at  full 
power.     Another  improvement  relates  to  the  construction  of  the 
engine  slide,  and  the  arrangement  of  passages  therewith  foreflecting 
the  ignition  of  the  charge  in  the  cylinder  after  compression.    The 
cover  of  the  main  slide  D  fig.  186  has  a  small  chimney  F  formed  on  it| 
partly  below  and  partly  within  which  a  small  gas  jet  G  is  kept  con- 
tinually burning.   The  slide  has  a  forked  passage  c  fi  £  formed  in  it 
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leading  to  an  opening  an  its  inner  face,  through  which  the  ignition 
of  the  charge  Is  effected  when  the  slide  is  brought  into  the  proper 
position.  Before  the  slide  is  brought  into  this  position  one  branch 
of  (he  passage  is  made  to  communicate  with  a  hole  in  the  cover 
leading  to  the  chimney,  while  the  other  branch  communicates  with 
another  hole  in  the  cover  leading  to  the  atmosphere.  Another 
small  passage  in  the  valve  establishes  a  communication  between  the 
forked  passage  and  a  groove  in  the 
slide  cover  into  which  a  small  gas  pipe 
J  opens,  sothatduringa  certain  portion 
of  the  stroke  of  the  valve  combustible 
gas  will  pass  into  the  forked  passage, 
where  it  will  mix  with  air  entering 
the  lower  branch.  On  the  forked 
branch  being  made  to  communicate 
with  the  flame  its  charge  will  be 
ignited,  and  on  the  further  motion  of  " 
the  slide,  the  communication  being 
cut  off  between  the  forked  passage 
and  the  gas  jet,  it  is  brought  into 
communication  with  the  inlet  port  of 
the  cylinder,  so  as  to  fire  the  charge. 
Just  before  this  takes  place,  however, 
the  small  passage  in  the  slide  through 
which  the  forked  passage  is  charged 
is  made  to  communicate  with  a  small 
passage  leading  to  the  interior  of 
the  cylinder,  so  that  a  portion  of  the 
prepared  combustible  charge  in  the 
cylinder  will  enter  the  forked  passage, 
pushing  before  it  the  gas  contained  in 
the  small  passage  in  the  slide  main- 
taining the  combustion  in  the  forked 
passage,  and  raising  the  pressure  0 
the  gases  therein   to  that  existing  in 

the  cylinder,  so  that  when  the  forked  passage  communicates  with  the 
port  of  the  cylinder  the  inflamed  charge  of  the  former  will  readily 
enter  and  ignite  the  charge  of  the  laner.  The  action  will  be  better 
understood  by  reference  to  fig,  186,  where  the  slide  has  formed  in 
it  the  chamber  B,  and  it  has  also  an  opening  in  the  inner  face  of  the 
slide  which  communicates  with  the  small  passage  K  in  the  cylinder 
above  the  inlet  port,  the  passage  having  a  lateral  notch.,  ajcvd 
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being  arranged  in  such  a  position  relatively  lo  the  chamber  B  tl 
it  establishes  a  communieation  between  ihe  chamber  fi  and  i. 
interior  of  the  cylinder  through  the  passage  K,  just  before  1) 
municates  directly  with  the  inlet  port.  The  slide  being  in  the  posit 
shown  in  hg.  iS&,  air  enters  B  through  c,  and  gas  enters  it  through 
H,  and  the  mixed  charge  is  ignited  through  the  hole  E  by  the  ilatne 
G.  Charles  Linford  patented  1,470,'  Improvements  connected  with 
gas  engines,'  in  which  two  cylinders  and  two  single-acting  pistons  are 
connected  so  as  to  operate  as  a  double-acting  engine.  The  eduction 
valve  leads  lo  a  receiver  in  which  a  1  acuum  is  maintained  by  an  air- 
pump  or  otherwise  to  start  the  engine.  The  details  of  the  engineue 
of  a  competent  engineering  character,  and  some  of  the  m 

of  tiiem  are  shown  ii 

187,  where  A 

jacket  for  a  cylinder  q 

which  works   -. 

m  1  downward  dire 

under  the   force 

explosion 

gas  and  air      The  csplo- 

sion  takes   place   in  the 

upper  part  of  the  cj  lindet 
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the   cylinder    I 

to  permit  the  atmosphd 
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j,  of  cylindrical  i 

form,  m  whifh  is  htted  a  ring  k.  It  is  pierced  with  holes  J! 
the  passage  of  the  g^  into  the  chamber  /,  where  the  giS 
comminglci  with  the  rfir  previously  let  in  by  the  valve  print 
to  the  charge  being  e\ploded  by  an  outside  llame  in  the  usiwi 
manner  ,  m  is  the  air  inlet  passage,  and  n  the  gas  inlet ;  ^  is  d 
exhaust  passage  in  the  CM  en  sion /,  the  outlet  from  which  to  4 
pipe  R  IS  goiemed  by  the  valve  Q.  F.  S.  Barff,  professor] 
chemistry  obtained  a  patent  (No.  i,683)for' Improvements  inobc 
ing  motive  power.'  These  improvements  consist  in  I 
bonic  oxide  and  hydrogen  for  the  generation  of  power.  The  g 
are  got  by  sending  a  stream  of  steam  through  a  retort  like  ai 
aoiy  gas  retort  filled  with  coal,  and  heated  to  a  high  temperatM 
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F.  W.  and  W.  J.  Crossley,  well  known  as  the  makers  of  the  Otto 
engine,  patented  2,177,  *  Improvements  in  gas  motor  engines,' con- 
sisting of  arrangements  for  reducing  the  necessary  pressure  of  the 
spring  keeping  the  valve  up  to  the  face,  by  making  the  valve  partly 
on  the  equilibrium  principle ;  also  abandoning  the  stratified  arrange- 
ment of  air  and  gas  mixture,  and  using  a  uniformly  diluted  combus- 
tible charge.  In  order  to  obtain  a  sufficiently  rapid  ignition  a  special 
chamber  is  provided,  communicating  with  the  cylinder  and  lighting 
flame,  into  which  is  introduced  an  undiluted  charge  of  the  explosive 
mixture.  On  ignition  ^f  this  strong  charge  the  resulting  flame  will  be 
projected  with  force  into  the  cylinder,  and  being  thus  brought  into 
extended  contact  with  the  diluted  charge  will  eff*ect  its  rapid  com- 
bustion, and  produce  the  maximum  pressure  before  the  piston  has 
travelled  far.  The  tapered  end  of  the  cylinder  is  given  up,  and  a  long, 
narrow  continuation  of  the  inlet  port  is  carried  well  into  the  cylinder. 
James  Robson  patented  2,334,  *  Improvements  in  engines  ope- 
rated by  the  combustion  of  gas  or  vapour.*  One  arrangement  de- 
scribed has  a  cylinder  closed  at  both  ends.  The  piston  is  used  to 
draw  in  a  charge  of  gas  or  vapour  and  air  at  one  side,  which  is 
forced  into  a  reser\'oir,  and  retained  there  until  the  piston  returns 
to  the  back  end  of  the  cylinder.  The  gas  is  next  inflamed  by  being 
brought  into  contact  with  a  flame,  and  the  piston  is  driven  forward 
by  the  force  of  the  explosion  generating  power.  A  second  arrange- 
ment consists  in  the  propulsion  of  a  loose  piston  by  the  explosion 
producing  a  vacuum,  and  the  power  is  generated  by  the  return  of 
the  air  into  the  void  thus  produced.  This  is  the  principle  of 
Brown's  vacuum  engine,  and  of  Otto's  original  form  of  gas  engine, 
and  there  was  no  novelty  at  this  date  in  such  an  application.  This 
concludes  the  review  of  1877. 

Q.  What  have  you  to  describe  for  1878.^ 

A.  There  is  not  very  much  for  that  year.  First  we  have  the 
patent  No.  633,  granted  to  A.  N.  Porteous  for  *  Improvements  in  the 
production  of  hot-air  gas,  and  in  the  use  of  the  same  for  motive 
purposes  and  for  illumination.'  The  production  of  gas  is  obtained 
from  liquid  hydrocarbons.  The  invention  consists  in  forcing  air 
by  means  of  a  pump  or  blower  into  a  tank  so  as  to  obtain  the  re- 
quired pressure  therein,  then  passing  air  therefrom  under  pressure 
through  a  furnace,  such  heated  air  being  then  passed  through  a 
chamber  containing  a  sponge  or  other  suitable  material  saturated 
with  paraffine  or  other  suitable  hydrocarbon.  This  design  secured 
provisional  protection  only.    There  is  next  the  patent  No.  942, 
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granted  to  Charles  Ltnford.  In  this  design  the  cylinder  contaiiff 
i.  second  piston  behind  the  working  piston,  which  second  piston  is 
used  for  charging  the  cyhndcr.  The  second  piston  moves  to«aids 
the  working  piston,  and  expels  the  products  of  combustion  on  one 
side,  while  on  the  other  side  it  draws  in  a  combustible  charge.  The 
eduction  valve  is  then  closed  and  the  second  piston  returris,  and  the 
charge  is  caused  to  pass  through  the  body  of  the  second  ptsion  to 
the  exhaust  side  of  the  working  piston,  where  it  is  compresstd. 
And  when  the  working  piston  has  completed  its  inward  strake 
charge  s  fired  dunng  wh  ch  i  me  the  second  piston  remair 
lionary     i  or  fir  n^  the  charge  the  valve  is  of  the  ordinary 

room  or  tiat-face  type. 
'  But  connected  to  iis 
I  stalk  is  a  lever  attached 
to  iiny  convenient  part 
of  the  engine,  so  as  to 
lift  the  valve  at  the  lighi 
time  to  fire  the  charge, 
a  light  being  kepi  burn- 
ing l>elow  the  valve, 
which  is  brought  into 
direct  cominunicatioB 
with  the  charge 
cylinder.  Fig,  188 
plan  of  a 
mixing  and  Itgh^' 
valve.  Fig.  189  is  ) 
longitudinal  sectioa  oi" 
_       _  _    _  the  lighting  valve,  iwl 

lig.  190  is  a  sectional  !'l' 
ration  of  fig,  188  at  the  line^oin  fig.  189.  .lisanairporl,  iami^. .. 
chamber,  jt  a  port  to  the  cylinder,  with  a  small  gas  passage  ;  :i'"; 
there  is  also  a  larger  passage  for  gas.  j  is  a  chamberfor  the  sup;  ■■ 
ofgasduringlhe  motion  ofihevalve^;  A  is  a  gas  supply  pipe.  Theie 
is  a  small  pipe  with  cavity  «,  I  an  inlet  pipe,  and  2  an  outlet  pipe  w 
the  valve  ^  by  the  passage  shown  by  dotted  lines  in  fig.  19a  Tbt 
valve  ia  worked  by  an  ordinary  governor,  the  valve  g  being  rtioiol 
in  its  case  hy  the  lever  ,5',  H  is  a  lighting  valve,  worked  in  iSc 
casez'  by  the  lever  h'  ;  u  is  a  chimney  for  carrying  oflf  the  heat  intm 
the  combustion  of  the  gas  in  the  chamber  ^  ;  1/  is  a  gas  suppiy 
pipe  to  the  chamber  a  by  the  passage  e  ;  c  is  a  pipe  conncctiiig  the 


wig; 

m 
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chambers  it  and  b  in  the  chamber  b.    The  gas  is  ignited  t 

outside  light  as  shown  in  fig.   190  ;  r  r  are  air  poils  to  a: 

convbusiion  of  the  gas  in  4 ,  r  is  the  escape  port  lo  the  pipe  0. 

dotted  lines  r'  r,r'sliow 

the  position  of  the  ports 

when    the    val\e     h    is    | 

brought  into  position  for    ' 

firing   the  charge  m  the    I 

cylinder  by  the  port  1     i 

tig.  189,  is  a  small  piss  1^ 

for  the    actmission  i^l    1 

pLirtion  of  the  coinprc        1 

charge    in    the   t\l[iLi    j 

inio     the      chambii 

■lightly   before  the  jx  n 

90,  opens  to  the  .^ 
to  equalise  tlie 
■  iu  the  chamber 
:4i  when  the  pons  r  r  r 
are  closed.  In  the  patent 
No.  3,045,  granted  10 
Uugald  Clerk  ibr  'Im- 
provements in  gas  motor 
engines,'  the  power  is 
developed  in  one  acting 
cylinder  having  combined 
_«rith  it  a  compressing 
lir  and  gas 

admitted  to  the  pump    I 
'Tty  means  of  a  valve  which    I 
is  in  the  form  of  a  pl:ii'  . 
and  slides  between  a  pi  r! 
^e  and  cover.     The  ^ni     1 
and  gas    pass    into    ihe 
piunp    when    its    piston 
moves  uulward,  and   be- 
come mixed  therein,  and 
oa  the  return  of  the  piston 

She  mixture  passes  through  a  lift  valve  into  an  intermediate  n 
In  1879  another  patent,  No.  2,424,  was  taken  out  by  the: 

for  '  Improvements  in  gas  motor  engines,'  which  profes 
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on  the  foregoing.  But  llie  deviations  arc  immaieridt' 
and  are  not  marked  by  much  originality.  The  use  of  asbestos 
is  suggested,  as  liad  often  previously  been  done.  In  No,  4,843, 
William  Foulis  of  Glasgow  patented  'Improvements  in  gas  and 
hydrocarbon  engines."  The  main  peculiarity  of  bis  engine  is  a 
method  of  lighting  the  gas  shown  in  fig.  191.  Gas  enters  by  the 
pipe  it,  and  compressed  air  by  the  pipe  /(which  maybe  supplied  by 
a  small  pump  worked  by  the  engine)  to  the  surrounding  pipe  w. 


The  gas  and  air  proceed  together  to  the  jet  n,  which  is  surroundid 
by  a  chamber,  p,  of  platinum  or  other  suitable  material,  open  a: 
the  top.  The  gas  jet  heats  this  chamber  sufficiently  to  ignite  ibt 
acting  charges  of  gas  and  air  within  the  cylinder,  and  when  the  tem- 
perature of  the  combustion  chamber  is  raised  sufRciently  to  ignite  the 
charges  of  gas  and  air,  the  jets  may  be  turned  off.  In  ihc  p 
5,092,  granted  to  R.  Hallewcll  for  '  Improvements  in 
engines,' reference  is  made  to  a  former  patent  taken  out  by  thesJi 
enior  in  1876,  and  of  which  the  present  m.iy  be  regarded  as* 
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amplification  The  end  of  the  cylinder  is  extended  to  form  an  ex- 
plosion chamber  The  explosion  takes  place  at  cverj-  alternate 
strol  e  During  ihe  intermediate  strokes  the  piston  draivs  In  and 
compresses  air,  and  the  gas  pump  forces  the  gas  in  against  ihi» 


I 


high -pressure 


works  a  piston 


.csauiudii  through  j^iii 

of  pari  of  the  engine 
"  "i"""  f      Al  ihr  "" 


chamber  E,  which  is  formed 


e  perforations.  In  fig.  192  a  vertical 
;iiic  is  given.  A  is  a  cylinder  in  which 
■  upper  end  of  (he  Cylinder  is  an  explosion 

med  by  extending  the  upper  end  of  the 


J 
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cylinder.  Upon  the  top  of  this  extension  is  secured  a  head  F,  in 
which  are  formed  gas  and  air  passages,  and  in  and  upon  which  the 
slide  valve  works.  To  the  under  side  of  the  head  is  secured  a  gas 
pump  G.  In  the  head  F  are  formed  two  gas  ports  m  m  ;  and  one 
of  them  is  connected  with  the  gas  supply.  The  gas  passes  from 
the  said  supply  pipe  to  the  port  m  through  a  self-closing  valve, 
which  is  arranged  to  be  opened  by  the  exhausting  action  of  the 
gas  pump.  A  cavity  o  in  the  slide  valve  P  establishes  a  communica- 
tion between  the  ports  m  and  m  at  the  times  when  the  pump  has  to 
draw  in  gas.  The  said  slide  valve  is  provided  with  a  roller  upon 
which  acts  a  cam  q^  which  is  fixed  upon  a  shaft  r.  At  the  beginning 
of  the  stroke  the  cavity  o  establishes  a  communication  between  the 
port  m  and  a  hollow  perforated  body  T  through  a  passage  in  the 
head  F.  In  the  slide  valve  is  formed  a  firing  chamber  v.  In  the 
head  F  are  two  ports  v  v,  which  open  into  the  explosion  chamber. 
A  cavity  w  serves  to  maintain  a  communication  between  a  passage 
leading  to  the  gas  jet  x  and  a  gas  supply  passage.  In  the  head  F 
is  formed  an  air  inlet  passage  Z,  which  is  provided  with  a  self- 
closing  valve  which  opens  inwardly.  The  said  head  is  also  formed 
with  an  exhaust  passage,  which  is  fitted  with  a  valve  a\  which  is 
provided  with  a  spindle  upon  which  a  spring  acts  to  close  the  said 
valve.  A  lever  b^  is  mounted  upon  a  fulcrum,  and  is  acted  upon  by 
a  caip  ^\  which  is  fixed  upon  the  shaft  r.  The  lever  b^  is  also 
arranged  to  be  acted  upon  by  the  sleeve  of  a  governor  a}^  which 
receives  motion  from  the  crank  shaft.  If  the  engine  exceeds  its 
normal  speed  the  sleeve  of  the  governor  raises  the  lever  ^',  thereby 
opening  the  valve  a}.  It  at  the  same  time  acts  upon  the  spindle/* 
of  a  valve,  indicated  by  dotted  lines,  opening  the  said  valve,  and 
thereby  admitting  air  to  the  gas-pump.  C  is  the  connecting  rod, 
and  o  a  passage  leading  from  the  gas  pump  to  the  distributing 
pipe  T.  There  is  next  the  patent  No.  5,133,  granted  to  F.  W.  and 
\V.  J.  Crossley  for  *  Improvements  in  gas  motor  engines,'  which 
consists  mainly  in  storing  up  a  portion  of  the  hot  gases  produced 
by  the  combustion  of  the  charge,  and  utilising  them  during  the 
next  stroke  of  the  engine,  somewhat  on  the  principle  of  the  com- 
pound engine.     This  completes  1878. 

Q.  Against  the  time  at  which  we  have  now  arrived,  many  of  the 
patented  devices  must  have  ceased  to  be  patentable  from  having 
been  specified  by  previous  inventors  whose  patents  had  expired,  or 
who  had  not  pursued  them  beyond  the  provisional  stage  ? 

A.  That  no  doubt  is  the  case  ;  and  the  remark  applies  with  still 
moie  force  to  the  palenxs  ol  \2C«i  'voN^taors,    Ever)'  year  we  find 
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many  expedients  patented  which  had  been  patented  long  before, 
and  the  period  of  protection  for  which  had  run  out,  so  that  they 
had  become  public  property.  Among  these  common  or  optional 
devices  are,  lighting  by  electricity  ;  lighting  by  a  subsidiary  explo- 
sion ;  lighting  by  the  interposition  of  platinum,  which  becomes  hot 
by  a  jet  of  cold  inflammable  gas  playing  upon  it,  and  eventually 
lights  the  jet ;  lighting  by  the  application  of  external  heat ;  and  many 
other  variations  in  the  mode  of  lighting.  Then  for  getting  rid  of 
the  products  of  combustion  within  the  cylinder  we  have  the  same 
methods  patented  again  and  again.  Among  them  we  have  the 
application  of  a  vacuum  cylinder  to  suck  the  products  away,  the 
application  of  a  compression  plunger  to  force  them  out,  blowing- 
through  the  cylinder  by  air  or  steam,  and  the  use  of  a  subsidiary 
explosion  to  blast  them  out.  Some  inventors  claim  it  as  a  merit 
to  use  a  high  pressure  of  air,  as  if  the  effect  of  that  was  not  plain, 
and  the  alternative  obvious  to  everyone.  Air,  whatever  its  pressure 
may  be,  doubles  its  volume  by  being  heated  about  500**  Fahr.,  and 
there  is  clearly  more  power  to  be  got  by  doubling  the  volume  of  a 
pound  of  air  of  loolbs.  pressure  than  of  a  pound  of  air  of  islbs. 
pressure.  Dissociation,  and  the  imperfect  combustion  of  the  gas, 
which  are  the  really  important  points,  do  not  seem  to  have  been 
taken  into  account. 

Q.  What  was  there  in  1879.^ 

A,  First  we  have  the  patent  No.  2,  granted  to  H.  Williams  and 
J.  Barron  for  *  Improvements  in  and  relating  to  atmospheric  and 
gas  motor  engines.'  The  invention  consists  in  the  introduction  of 
compressed  air  into  the  cylinder ;  and  upon  the  piston  reaching  the 
most  advantageous  part  of  the  stroke,  a  charge  of  inflammable 
gas  is  then  forced  into  the  air  within  the  cylinder  at  a  point  in 
proximity  to  a  kindling  flame.  By  this  arrangement  it  is  said  the 
sudden  explosions  are  obviated,  such  as  occur  in  other  gas  engines, 
while  a  maximum  power  is  got  from  a  minimum  of  gas.  There  is 
next  the  patent  (No.  1,450)  granted  to  Richard  Hallewell  for  utilis- 
ing the  hot  gas  in  the  manner  previously  proposed  by  Crossley. 
In  the  patent  (No.  1,500)  granted  to  C.  Linford  various  modifica- 
tions of  detail  are  propounded  with  little  novelty.  The  gas  is  fired 
by  electricity.  Reference  has  been  already  made  to  Rider's  hot- 
air  engine,  in  which  two  vertical  plungers  are  used,  connected 
transversely  by  a  short  lever,  and  in  which  the  air  is  heated  by  an 
external  fire.  In  1879  a  patent  (No.  2,191)  was  granted  to  Manin 
Benson  on  behalf  of  Rider  for  an  adaptation  of  this  species  of 
engine,  of  such  a  character  that  the  air  should  be  heated  internally 
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by  the  combustion  of  gas,  or  of  the  vapour  of  some  fluid  hydro- 
carbon.    In  this  engine  the  igniter  is  an  oil  lamp,  which  is  re- 
lighted at  every  stroke  by  a  permanent  flame.     The  following  are 
the  advantages  and    novelties  claimed,  but  a  large    deductioo 
must  be  made  from  these  pretensions  in  forming  a  sound  estimate 
of  their  value  :— i.  In  a  gas  engine  the  construction  or  combina- 
tion of  a  compression  and  a  power  cylinder  with  appropriate  parts, 
so  arranged  that  any  desired  degree  of  compression  may  be  applied 
to  the  mixed  air  and  gas  without  the  necessity  of  using  a  reservoir 
or  an  inlet  valve  for  the  motive  cylinder.     This  arrangement  also 
provides  for  positive  power  in  the  engine  at  each  revolution,  thereby 
simplifying  the  machine,  and  giving  greater  power  as  compared 
with  the  size  of  the  engine.     2.  Separate  compression  of  gas  and 
air  in  proper  proportions,  and  mixing  them  after  compression, 
whereby  all  risk  of  explosion  is  avoided.     3.  An  arrangement  by 
which  the  desired  proportional  and  exact  quantity  of  gas  is  used 
in  each  charge  of  air,  thereby  insuring  maximum  economy  of  gas. 
4.  Compression  of  the  air,  and  also  of  the  gas  in  cool  cylinders, 
and  igniting  the  mixed  gas  and  air  in  a  cylinder  of  considerably 
elevated  temperature,   thereby  utilising  the  greatest   amount  of 
power,  and  avoiding  the  necessity  of  water-jacketing  the  motive 
cylinder,  which  has  also  the  effect  of  reducing  the  amount  of  power 
absorbed  in  compression  to  a  minimum.    5.  The  perfect  regulation 
of  speed  by  causing  the  gas  supply  pump  to  become  inoperative 
when  the  speed   is   too  high.     6.  The  use  of  leather  packings, 
thereby  lessening  the  cost  of  construction,  and  making  the  machines 
more  perfect  with  greater  facility.     7.  A  novel  construction  of  the 
igniter,  by  which  it  is  much  easier  made,  and  is  more  perfect, 
durable,  and  relicible,  and  also  requires  less  power  to  operate  it. 
8.  The  employment  of  effective  means   (by  blowing  through  at 
each  stroke)  to  wash  out  the  carbonic  acid  or  burnt  air  from  the 
hot  or  motive  cylinder  at  each  revolution,  thereby  ensuring  more 
perfect  combustion.     9.  The  ready  adjustment  of  all  important 
operative  parts,  by  which  the  amount  of  compression,  the  quantity 
of  air  used  at  each  revolution,  the  proportional  quantity  of  gas,  and 
time  of  ignition  may  be  varied  at  pleasure  with  great  facility. 
10.  The  adaptation  of  the  generator  surface  to  gas  engines,  whereby 
much  of  the  waste  heat  is  utilised.     11.  The  peculiar  construction 
of  the  gas-pump,  by  which  only  a  portion  of  its  stroke  is  effective, 
thereby  causing  the  gas  to  be  delivered  into  the  engine  at  the 
proper  time  and  in  exact  prearranged  quantity.     Dugald  Clerk 
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obtained  a  patent  (No.  2,424)  for  'Improvements  in  gas  motor 
engines.'  It  refers  to  the  previous  patent  No.  3,045  of  1878,  and 
describes  some  immaterial  modifications  thereupon.  The  igniting 
arrangements  are  very  similar  to  Crossle/s.  No.  3,213  is  a  patent 
granted  to  James  Atkinson  for  *  Improvements  in  gas  and  simi- 
lar engines.'  He  employs  two  single-acting  cylinders  placed  side 
by  side.  The  plunger  of  the  compressing  cylinder,  in  making 
an  outward  stroke,  draws  in  a  charge  of  air  or  air  and  gas,  and 
during  the  return  stroke  this  is  compressed  and  delivered  into  a 
chamber,  which  by  preference  is  of  such  a  capacity  as  will  just 
contain  the  charge  at  the  desired  pressure.  The  charge  is  then 
admitted  into  the  working  cylinder,  and  is  there  ignited.  The 
working  cylinder  is  lined  with  terra  cotta  or  some  other  refractory 
material.  The  charge  may  be  ignited  by  a  thin  piece  of  platinum 
or  porcelain,  heated  in  one  spot  by  a  jet  on  the  outside,  or  it  may 
be  fixed  in  a  slide  and  travel  with  it.  Picking  and  Hopkins  ob- 
tained a  patent  (No.  3,561)  for  a  gas  engine,  but  there  is  no  feature 
of  novelty  in  it.  Wittig  and  Hees  obtained  a  patent  (No.  3,732) 
for '  Improvements  in  gas  and  petroleum  engines,'  in  which  arrange- 
ments are  specified  for  compressing  a  mixture  of  gas  and  air,  and 
then  firing  it  in  a  cylinder  so  as  to  generate  power,  after  the  fashion 
already  done  by  many  other  persons.  Hugh  Williams,  in  a  patent 
(No.  4,340)  taken  out  by  him,  refers  to  a  former  patent  (No.  2  of 
1879)  and  describes  some  improvements  in  details  thereupon.  The 
air  and  gas  valves  are  made  mushroom  valves,  and  the  kindling 
valve  is  a  hollow  cylindrical  valve  with  a  light  inside.  The  charge 
of  gas  within  the  valve  is  ignited  by  a  master-light.  The  drawings 
of  the  engine  given  are  very  similar  to  those  of  the  Otto  engine. 
C.  W.  King  and  A.  Cliff  obtained  a  patent  (No.  4i337)  for  *  Improve- 
ments in  obtaining  motive  power,  and  in  the  apparatus  employed 
therein.'  This  engine  is  partly  a  gas  engine  and  partly  the  adapta- 
tion of  Stirling's  regenerative  arrangement  The  engine  consists 
of  a  receiver,  which  contains  a  displacing  plunger,  not  necessarily 
close-fitting,  but  resembling  Parkinson's.  One  end  of  the  receiver 
is  kept  cool  by  the  circulation  of  water  in  tubes,  and  the  other  end 
is  maintained  hot  by  the  explosion  or  combustion  of  charges  of  com- 
bustible fluid  and  air,  introduced  therein  by  a  compressing  pump. 
An  igniting  arrangement  is  placed  in  the  hot  end  of  the  receiver, 
consisting  of  a  platinum  cup  with  a  blow-pipe  flame  directed  upon 
it  from  the  outside.  The  main  cylinder  is  in  constant  commimica- 
tion  with  the  cool  «nd  of  the  receiver.     In  this  cylinder  the  whole 
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contained  fluid  of  the  engine  expands  and  is  compressed  dt 
the  forward  and  return  strokes  of  the  plunger  working  therein, 
portion  of  the  contained  fluid  is  allowed  to  escape  into  a  cylinder, 
in  which  it  expands,  being  afterwards  ejected  into  the  atmosphere. 
This  concludes  1879,  so  far  as  space  permits. 

Q.  Will  you  now  describe  the  patents  for  gas  engines  taken  ool 
in  1880? 

A.  The  first  is  No.  1 17,  granted  to  H.  Robinson  for  '  Improve- 
ments in  gas  motor  engines.'  In  the  patent  No.  1,344,  granted  to 
the  same  person,  similar  improvements  are  described,  but  in 
neither  case  is  there  anything  new  or  requiring  special  notice 
Edmund  Edwards,  in  No.  760,  patented  '  Improvements  in  motive 
power  engines.'  He  forms  a  vertical  engine  with  a  trunk  piston  or 
pliuiger,  and  at  or  near  the  centre  of  the  height  makes  a  port, 
through  which  an  explosive  mixture  of  air  and  gas  is  admitted 
Below  the  admission  port  a  small  flame  is  kept  burning,  and  a  cot- 
responding  small  opening  is  made  laterally  into  a  vertical  passagr 
formed  in  the  plunger.  The  explosion  forces  up  the  piston  lo  the 
end  of  the  stroke,  and  the  residual  gases  escape  into  the  atmospheie 
W.  Foulis  patented  No,  3,442,  which  provides  for  the  use  of  3  bo! 
piston  of  refractory  material,  and  a  mode  of  expelling  foul  gases. 
The  arrangements  prescribed  by  this  inventor  are  uniformly  able 
and  judicious.  InNo.  4,075,  granted  to  S.  Claj-ton,  there  is  nothing 
new,  and  several  patents  are  here  omitted  whidi  have  nothintr 
new  in  them.  From  this  judgment  must  be  exempted  the  patent 
No.  3,685,  granted  to  Williams  in  this  year,  but  which,  having 
been  subsequently  produced  in  an  improved  form,  need  not  be 
further  referred  to  at  this  stage.  No.  4,270  of  1880  is  a  patent 
granted  to  Charles  Gruntley  Beechey  for  ■  Improvements  in  gas 
motor  engines,'  in  which  the  novelties  claimed  are — 1st,  dosing  the 
exhaust  valve  before  the  end  of  the  stroke,  so  that,  as  a  greater  ot 
less  amount  of  exhaust  products  remains  in  the  explosion  rh.ijnber, 
a  greater  or  less  amount  of  e.tplosive  mixture  is  admitted  thereto: 
and,  the  employment  of  means  for  regulating  the  amount  of  iJr 
and  gas  drawn  into  the  compression  pump  ;  3rd,  providing  a  sjM"" 
in  the  piston  into  which  the  mixture  of  air  and  gas  is  compresKd  ■ 
4th,  the  employment  of  stationary  exploding  burners  which  t^ 
supplied  with  gas  and  air  of  3  high  pressure  ;  and,  5th,  the  menu 
for  supplying  these  burners  with  a  high  pressure  of  airandgii' 
The  object  of  the  high  pressure  is  lo  prevent  the  gas  from  bdag 
ejctinguished  by  being  bloim  out  before  the  explosion  takes  jrfMt' 
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The  explosion  extinguishes  the  jet,  but  it  is  relighted  by  a  master- 
jet.  The  burner  may  either  be  stationary  or  carried  by  the  slide 
valve.  The  details  seem  judicious,  but  there  is  no  novelty  in  them« 
No.  4,297  of  1880  is  a  patent  granted  to  F.  W.  Crossley  for  '  Im- 
provements in  gas  motor  engines.'  The  main  improvement  con- 
sists in  providing  a  pump  worked  by  the  engine,  which,  when  the 
products  of  combustion  are  let  out,  will  blow  through  the  engine  to 
expel  them  completely.  There  is  nothing  new  in  this  provision. 
Steam  would  do  better.  A.  K.  Rider,  No.  4,419  patents  '  Improve- 
ments in  gas  engines.'  The  general  structure  of  this  engine 
resembles  that  of  Rider's  hot  air  engine,  already  referred  to.  The 
plungers  are  packed  with  leather,  and  a  gas  pump  is  placed 
beneath  the  air-compressing  plunger.  The  igniting  mechanism 
consists  of  a  platinum  tube  ^  inch  diameter,  and  1}  inches  long. 
For  half  an  inch  at  one  end  it  is  perforated  with  numerous  holes, 
and  around  and  over  this  perforated  portion  is  wound  a  fine 
platinum  wire.  This  tube  is  encased  in  a  larger  tube  of  about 
\  inch  diameter,  and  i  ^  inches  long,  one  end  of  which  is  shut  up 
and  closed  by  a  cap.  A  current  of  air  and  gas  can  flow  through 
the  inner  tube  through  the  fine  perforations  at  its  end  and  the 
coil,  where  an  intense  combustion  occurs — the  products  of  combus- 
tion returning  between  the  inner  and  outer  tubes  to  the  open  end 
of  the  larger  tube  where  the  burnt  air  escapes.  The  igniter  is 
supplied  with  a  mixture  of  air  and  gas  by  a  small  pump.  The 
igniter  is  fitted  into  a  chambered  tube  in  the  side  of  the  power 
cylinder  some  distance  from  the  bottom,  so  that  it  is  covered  by 
the  piston  until  the  right  time  for  explosion  occurs,  when  the  expo- 
sure of  the  igniter  in  an  incandescent  state  explodes  the  charge. 
No  4,881  is  a  patent  granted  to  L.  Simon  for  *  Improvements  in 
gas  motor  engines.'  The  chief  novelties  claimed  are — ist,  placing 
an  exhaust  port  on  the  cylinder  in  such  a  position  as  to  permit  a 
part  of  the  products  of  combustion  to  escape  by  virtue  of  their 
own  tension  before  the  end  of  the  stroke ;  and,  2nd,  igniting  the 
charge  by  means  of  a  travelling  flame  carried  in  a  piston  valve  to  a 
chamber,  where  a  preliminary  explosion  is  thus  produced.  No. 
5,101  is  a  patent  granted  to  W.  £.  Richardson  for  '  Improvements 
in  gas  engines,'  proposing  to  carburize  air  or  gas  by  petroleum  for 
the  production  of  power.  This  patent  was  not  proceeded  with. 
This  terminates  the  patents  of  1880. 

Q.  Will  you  now  describe  those  taken  out  in  1881  ? 

A.  The  first  is  No.  60 — *  Improvements  in  gas  motor  engines ' — 
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granted  to  N.  A.  Otto.  To  expel  the  products  of  combuslion  fi 
the  space  provided  for  the  explosion  of  the  charge  at  the  end  of 
the  cyUiider,  an  auxiliary  piston  is  employed,  or  the  stroke  is  made 
capable  of  having  varying  lengths.  There  is  not  much  in  this 
patent  that  is  cither  new  or  expedient.  No.  i8o  is  a  patent  g 
to  W.  Foulis  for  '  Improvements  in  gas  engines.'  It  contains  n 
ingenious  arrangements,  and  is  well  worthy  of  careful  study. 
claims  are  as  follows  ;— I.  The  general  arrangement  and  combi 
tion  of  parts  constituting  the  gas  engine.  3.  Ir 
combination  of  a  pump  and  a.  power  cylinder,  consisting  of  a  ci 

bustion  chamber,  which  becomes  highly  heated,  and  a  \  

cylinder,  which  is  kept  comparatively  cool,  and  which  is  of  larger 
capacity  than  the  pump,  whereiti  the  stroke  of  the  pump  is  made 
to  the  rear  of  the  stroke  of  the  piston  of  the  cylinder,  to  such  ao 
extent,  In  accordance  with  the  relative  capacities  of  the  pump  ai 
working  cylinder,  that  the  mixture  of  gas  and  air,  when  it 
into  the  lower  cylinder,  is  expanded  during  its  passage  ther 
at  a  pressure  equal  or  about  equal  to  that  in  the  pump, 
engines  the  means  for  igniting  the  gas  and  air  in  the  poi«l 
cylinder,  consisting  in  the  combination  of  an  igniter  and  passngc 
with  an  intermittent  jet  in  communication  with  the  pump  whirl) 
supplies  air  and  gas  to  the  working  cylinder.  4.  The  use  in  gis 
engines  of  a  knob,  or  piece  of  fireclay,  or  asbestos,  or  like  material, 
in  combination  with  an  igniter,  whereby  ihe  said  knob  is  heated 
during  the  first  period  of  the  engine's  work,  and  thus  itself  forms 
the  means  of  igniting  the  gaseous  mixture  during  the  subsequent 
action  of  the  engine.  5.  In  gas  engines,  the  combination  with  and 
use  in  the  entrance  pipe  for  the  gaseous  mixture  of  wire  gaua, 
and  an  annular  space  or  orifice,  through  which  the  entering  g 
mixture  passes  at  a  velocity  sufficient  to  prevent  back-firing,  I 
gether  with  means  for  preventing  the  overheating  of  the  said  p 

6.  The  combination  with  the  arrangement  claimed  i 
clause  of  a  passage  in  front  of  the  said  contracted  space  or  01 

7.  The  combination  in  gas  engines  of  a  regenerator  beiirceD  the 
wire  gauze  and  contracted  space  claimed  in  the  5th  clause,  for 
causing  the  heat  of  the  burnt  gases  to  be  taken  up  by  the  cnierifig 
gases.  8.  The  employment  in  the  passages  between  the  f 
and  power  cylinder  of  one  valve  with  different  a 
at  the  requisite  pressure,  9.  The  arrangement  for  govemtng  4 
quantity  of  explosive  mixture  admitted  to  the  engine, 
the  power  cylinders  of  gas  engines,  the  groove  or  r 
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between  the  two  portions  of  the  power  cylinder.  11.  A  valve  for 
admitting  the  required  regulated  quantities  of  air  and  gas  to  the 
pump  and  to  the  igniter  heating  jet,  and  for  passages  adjusting  the 
proportions  thereof,  so  that  when  adjusted  the  passages  may  be 
regulated  to  admit  the  air  and  gas.  12.  The  use  in  combination 
with  gas  engines  of  apparatus  for  supplying  gas  and  air  to  the 
igniter  heating  jet.  13.  The  combination  of  an  inner  casing  or 
chamber  at  the  back  end  of  the  power  cylinder  with  means  for 
causing  a  current  of  air  to  pass  thereinto  during  the  latter  part  of 
the  forward  stroke  of  the  pump  piston.  14.  The  combination  with 
gas  engines  of  means  for  starting  the  engine  by  a  series  of  explo- 
sions or  ignitions  of  the  gaseous  mixture  after  the  full  charge  has 
entered  the  said  combustion  part  of  the  cylinder.  1 5.  Placing  the 
igniter  in  such  a  position  that  it  at  once  ignites  the  mixture. 
No.  320  is  a  patent  granted  to  C.  M.  Sombart  for  *  Improvements 
in  gas  engines,'  and  these  improvements  consist  wholly  of  emenda- 
tions in  the  details  of  Bisschop's  gas  engine.  In  the  patent  (Na 
565)  granted  to  A.  T.  Allcock  for  *  Improvements  in  gas  engines,' 
the  engine  resembles  very  much  a  conunon  steam  engine.  A  cut-off 
valve  is  employed,  which  determines  the  admission  of  the  com- 
bustible mixture  and  also  the  point  of  ignition.  No.  596  is  a 
patent  granted  to  P.  Giffard  for  '  Improvements  in  dilated  air 
motive  power  engines.'  A  fire  for  heating  the  air  is  set  under  the 
cylinder,  and  is  surrounded  by  a  coil  of  air-heating  pipes.  The 
piston  ring  is  made  of  leather  or  india-rubber,  as  it  is  so  far 
removed  from  the  fire  that  the  heat  is  not  great  at  that  point 
F.  H.  Wenham  patented  *  Improvements  in  combined  gas  and 
heated  air  engines '  (No.  867).  The  air  is  heated  by  gas  to  pro- 
duce motive  power,  the  mixture  of  gas  and  air  being  lighted  by  a 
permanent  flame  acting  on  a  touch-hole;  and  although  the  per- 
mtanent  flame  is  blown  out  at  every  stroke,  it  is  re-lighted  by  a 
cage  of  platinum  wire  placed  in  the  permanent  flame.  No.  1,078 
is  a  patent  granted  to  H.  C.  Fleeming  Jenkin  and  A.  C.  Jameson 
for  *  improvements  in  caloric  motor  engines  burning  solid  fuel. 
The  object  of  this  invention  is  the  construction  of  a  caloric  motor 
engine,  which,  while  essentially  an  engine  of  the  Stirling  type, 
differs  from  the  Stirling  engine  in  using  instead  of  air  the  products 
of  combustion  of  solid  fuel  burnt  in  a  g^te  directly  connected  with 
the  interior  of  what  Stirling  calls  the  air  vessel,  and  here  called 
the  displacer  chamber,  so  that  the  products  of  combustion  are 
discharged  from  the  grate  into  the  displacer  chamber  partly  by 
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expansion  under  the  influence  of  heat  and  partly  by  flow, 
pressure  in  the  grate  chamber  bearing  always  such  a  relation  to 
that  in  the  displacer  chamber  that  the  products  of  combustion  are 
not  driven  so  far  baclc  into  the  grate  as  to  impede  combustion. 
A  long  and  elaborate  specification  is  given,  and  arrangements  arc 
described  of  so  elaborate  and  transcendental  a  character  as  \o  be 
quite  impracticable.  No  mode  of  feeding  solid  fuel  into  a  furnace 
with  much  internal  pressure  has  yet  been  contrived,  and  the 
arrangement  here  prescribed  is  very  crude.  We  now  come  to 
the  patent  (No.  1,089)  granted  to  Dugald  Clerk  for  'Improvements 
in  motors  worked  by  combustible  gas  or  vapour."  The  engine  is 
of  the  horizontal  kind,  with  a  compression  pump  and  light 
arrangement  very  similar  to  Otto's  and  Crossley's.  Fig. 
horizontal  section  of  this  engine.  A  single-acting  cylinder,  11, 
fixed  horizontally  in  a  jacket  casing,  I3,  formed  at  one  end  of 
bed  frame,  13.  The  piston,  15,  is  in  the  form  of  a  hollow  plunger 
or  ram,  but  is  fitted  with  a  number  of  metallic  packing  rings.  3J 
is  the  piston  of  the  displacement  cylinder,  24,  which  is  placed 
horizontally  at  one  side  of  the  power-cylinder  Jacket,  13,  being 
formed  In  a  casting,  25,  which  is  bolted  to  the  jacket,  12.  At  the 
inner  end  of  the  power-cylinder,  11,  there  is  a  conical  clearance 
space,  36,  formed  in  the  casting,  25,  as  is  also  the  jacket  space,  Z7. 
which  communicates  with  the  space  in  the  jacket,  12,  Both  of 
these  are  filled  with  water  to  prevent  the  power  cylinder,  11,  and 
the  clearance  space,  26,  from  becoming  overheated.  The  ait  and 
gas  enter  the  power  cylinder,  \i,  by  an  inlet,  30,  at  the  outer  end 
of  the  conical  clearance  space,  26,  and  the  exhaust  takes  place 
through  ports,  31,  communicating  with  a  passage,  32,  formed 
round  the  cylinder,  the  ports,  31,  being  uncovered  by  the  pistoD, 
15,  as  it  approaches  the  outer  end  of  its  stroke.  A  pipe,  34, 
a  communication  between  the  exhaust  pipe  and  a  part  of 
cylinder,  1 1,  nearer  the  inner  end,  so  as  to  facilitate  the  staniog 
the  motor  by  the  opening  of  a  stop-cock.  A  pipe,  39, 
displacement  cylinder,  24,  with  a  valve  box,  through  which,  by  the 
action  of  the  piston,  23,  air  and  gas  is  forced  into  the  cylinder,  II- 
44  is  a  vertical  passage  by  which  the  gas  has  access  to  a  check- 
valve.  The  slide-valve,  45,  is  fitted  10  work  horizontally  acniB 
the  back  end  of  the  casting,  25,  a  recess  being  formed  for  it,  »nd 
having  a  vertical  port-face  piece  fixed  at  its  innermost  part.  It  is 
kept  in  position  by  an  adjustable  covering  pi; 
pressed  against  the  slide  by  a  bar,  47,  acted 
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helical  springs,  48,  on  spindles  or  siuds  passing  through 
covering  plate,  46,  and  fixed  in  the  casting,  25.  The  valve  slide, 
45,  is  directly  acted  on  by  a  bell-crank  lever,  49,  itself  moved  by 
a  bar,  50,  working  in  guides.  The  covering  plate,  46,  is  formed 
with  a  small  open-topped  chamber,  52,  in  which  a  jet  from  a  small 
gaspipe,  53  (by  prefei^nce  arranged  like  a  Bunsen  burner),  is  kept 
constantly  burning.  This  chamber  has  at  its  inner  side  a  pun. 
past  which  the  slide  valve,  45,  moves.  The  slide,  45,  ha^  a  main 
passage  or  space,  54,  formed  in  it  and  extending  partly  along  it, 
and  this  main  passage,  54,  has  a  port  on  each  side.  A  very  small 
passage  communicates  through  a  grating,  55,  with  the  m^a 
passage,  54.  When  the  slide,  45,  is  in  the  position  shown  in  the 
figure,  the  outer  port  of  its  main  passage,  54,  is  in  communication 
with  the  port  of  the  chamber,  53,  in  the  covering  plate,  46,  and 
then  the  gas  which  has  entered  the  passage,  54,  through  the 
grating,  ;;,  becomes  ignited.  At  this  time  the  inner  part  of  the 
main  passage,  54,  of  the  slide  communicates  with  a  passage,  56, 
leading  to  the  outside,  which  insures  the  filling  of  the  passage,  54, 
with  flame.  The  immediately  subsequent  movement  of  the  slide, 
45,  cuts  off  the  communication  of  the  outer  port  of  the  passage,  54, 
and  brings  its  inner  port  into  communication  with  a  port,  57,  leading 
into  the  end  of  the  clearance  space,  36,  of  the  power  cylinder,  tt. 
and  the  flame  in  the  main  passage,  54,  of  the  slide,  45,  is  therei 
communicated  to  the  combustible  mixture  in  the  space,  26, 
communication  with  the  exterior  being  completely  cut  oft 
cavity,  38,  of  the  slide,  45,  puts  a  port  of  the  passage,  44,  at 
proper  time  in  communication  with  the  port  of  a  passage,  59, 
which  leads  the  gas  from  the  supply-pipe,  60.  The  slide  valve,  45, 
allows  the  gas  to  enter  mixed  with  air  during  the  early  part  of  tht 
indrawing  stroke  of  the  displacement  piston,  23,  but  cuts  it  off  at  x 
suitable  part  of  the  stroke,  so  that  only  air  enters  during  tbc 
remainder  of  the  stroke  ;  and  in  order  to  prevent  at  much  U 
possible  the  air  last  dra»-n  in  from  mising  with  the  combi 
mixture  previously  drawn  in,  there  is  placed  in  the  end  of 
cylinder,  24,  a  plate,  62,  which  causes  the  entering  air 
from  the  centre  to  the  circumference,  and  thence  enter  the  cyl 
between  the  plate,  63,  and  a  ring,  63,  and  in  directions  conrei 
towards  the  centre.  In  No.  1,130  H.  C.  Fleeming  Jenkin 
A.  Jameson  patent  '  Improvements  in  caloric  motor  engines, 
gas  as  fuel,'  having  no  doubt  found  that  their  solid  fuel  scheme 
not  work.    A  long  description  is  given  of  a  complex  and 
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arrangement,  necessarily  costly  and  much  less  eligible  than  that 
of  any  of  the  ordinary  gas  engines  in  common  use.  In  the  patent 
1,202,  for  *  Improvements  in  caloric  engines,  wherein  the  working 
fluid  is  heated  by  the  internal  combustion  of  gas  or  other  fuel,' 
M.  P.  W.  Boulton  states  that,  if  the  pressure  be  greater  inside  the 
cylinder  than  outside,  a  supplementary  ignition  valve  must  first  be 
opened  to  equalise  pressure  in  the  ignition  passage  and  main 
ignition  valve.  In  the  patent  (No.  1,388)  granted  to  A.  Ewens 
and  H.  Newman  for  *  Certain  Improvements  in  gas  engines,'  the 
engine  described  is  of  a  simple  character,  but  there  is  nothing 
unusual  in  its  design.  In  No.  1,723,  W.  Watson  patents  an  im- 
proved method  of  exploding  gases  used  in  gas  engines.  This  is 
to  be  done  by  applying  a  blow-pipe  flame  to  the  outside  of  a 
projecting  nipple  or  thimble,  which  within  is  in  contact  with  the 
gas  that  has  to  be  ignited.  No.  1,765  is  a  patent  granted  to 
E.  Edwards  for  *  Improvements  in  motive  power  engines.'  It 
refers  to  the  patent  No.  760  of  1880  taken  out  by  the  same 
person.  He  admits  the  air  and  gas  to  the  engine  through  pipes 
perforated  with  small  holes  to  improve  intermixture,  and  he  prefers 
to  ignite  the  combustible  mixture  by  means  of  a  rotating  valve 
with  corresponding  holes  and  an  igniting  flame  outside.  James 
Robson  (No.  2,083)  took  out  a  patent  for  *  Improvements  in  motive 
power  engines,'  in  which  he  describes  various  details  or  alternative 
methods,  but  without  any  material  novelty.  A.  Clark  obtained  a 
patent  (No.  2,408)  for  a  combined  gas  engine  and  pump ;  but 
there  is  nothing  in  it  of  any  importance.  Sir  C.  W.  Siemens 
obtained  a  patent  (No.  2,504)  for  *  Improvements  in  gas  motors 
and  producers,'  which  show  a  considerable  advance  upon  his 
patent  of  i860,  but  are  still  too  complex  to  justify  any  expectation 
that  they  will  come  into  use.  C.  W.  Pinkney  took  out  a  patent 
(No.  2,645)  ^or  •  Improvements  in  gas  engines.*  The  main  im- 
provement is  the  combination  with  a  hollow  reciprocating  igniting 
plunger  of  a  screw  valve  for  regulating  the  passage  of  the  com- 
pressed explosive  compound.  No.  3,330  is  a  patent  granted  to 
M.  V.  Schiltz  for  improvements  in  gas,  hydrocarbon,  and  other 
motive  power  engines.  The  following  are  the  advantages  said  to 
be  attained : — ist,  the  suddenness  and  force  of  the  explosion  is 
converted  into  an  equable  power ;  2nd,  the  heat  generated  is  fully 
utilised  for  producing  power ;  3rd,  the  application  of  petroleum  and 
other  hydrocarbons  is  facilitated.  The  first  object  is  attained  by 
using  several  successive  explosions  in  each  stroke,  the  second  by 
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injecting  water  behind  ihe  piston.  On  the  whole,  this  is  both  a 
very  elaborate  and  a  very  judicious  patent,  but  it  is  somewhat 
wanting  in  simplicity.  No,  3,367  is  a  patent  granted  to  M.  P.  W. 
Boultoo  for '  Improvements  in  engines  wherein  a  piston  is  propeLed 
in  a  cylinder  by  ignition  of  inflammable  gas  or  fluid.'  It  contains 
s  suggestions,  the  most  imporlanl  of  which  have  been  an- 
ticipated by  other  inventors.  No.  3,715  is  a  patent  granted  to 
H.  Williams  for  '  Improvements  in  gas  engines,  and  the  automatic 
generation  of  gas  therefor.'  He  generates  gas  from  petroleum 
by  heating  it  in  a  rctoit  by  means  of  a  lamp,  which  may  be  that 
of  the  master-flame  or  any  other.  He  prefers  the  retort  to  be  of 
piatinum.  Before  being  heated,  the  petroleum  should  be  mined 
with  water  or  steam,  else  the  crust  that  will  form  on  the  retort  will 
soon  disable  it.  No.  4,137  is  a  patent  granted  to  R.  Watson  for 
'  Improvements  in  obtaining  motive  power  by  means  of  combustible 
ga-s  or  vapour,'  in  which  he  proposes  to  make  the  combustion 
continuous.  There  is  nothing  new  in  the  provisions  of  this  patent. 
No.  4,344  is  a  patent  granted  to  J,  Spiel  for  '  Improvements  in 
motor  engines  worked  by  combustible  gases  orvapours  and  steam.' 
The  specification  is  an  elaborate  and  wordy  one,  but  there  is 
nothing  novel  or  useful  in  it.  No.  4,340  is  a  patent  granted  to 
C.T.Wordsworth  and  others  for  preventing  the  lighting  jet  from 
being  blown  out  by  introducing  a  pressure  of  air  to  it  at  oppoute 
sides,  so  that  there  is  no  more  tendency  to  blow  it  in  one  direction 
than  in  another.  Details  of  lighting  are  alone  given.  No.  4,401 
is  a  patent  granted  to  G.  W.  Weatherhogg  for  '  Improvements  in 
single  and  double-acting  compound  air  and  gas  motor  engines.' 
The  compression  and  expansion  of  the  combustible  charges  of  gas 
or  vapour  are  efTecied  in  a  compound  cylinder,  and  two  combus- 
tible charges  are  fired  and  expanded  during  the  same  stroke,  ti 
same  cylinder  being  also  available  for  compressing  atmos 
air  and  other  fluids  into  a  superheater  for  regenerating  the  liea 
the  waste  gases.  No.  5,056  is  a  patent  granted  to  A-  E.  a 
H.  Robinson  for  '  Improvements  in  hot  air  engines.'  This  is  tn 
ably  designed  and  carefully  described  invention,  but  resulting  io 
an  apparatus  too  complex  for  popular  use.  No.  5,178  is  a  patetii 
granted  to  J.  Shaw  for  '  Improvements  in  gas  motor  engines.'  The 
chief  improvement  suggested  is  the  erection  of  a  closed  vertical 
pipe  at  the  back  end  of  a  horizontal  gas  engine,  and  rising  above 
the  level  of  the  cjhnder.  Into  this  pipe  the  air  a  ' 
expected,  will  ascend  from  pipes  beneath,  and  will  1 
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great  measure  isolated  from  the  products  of  combustion.  No. 
5,201  is  a  patent  granted  to  W.  W.  Tonkin  for  '  improvements  in 
motive  power  engines.'  An  elaborate  specification,  but  nothing 
new  in  it.  No.  5,350  is  a  patent  granted  to  Sir  C.  W.  Siemens  for 
*■  Improvements  in  engines  worked  by  the  combustion  of  gaseous 
fuel.'  But  it  is  very  little  more  than  a  repetition  of  the  patent 
previously  granted  to  the  same  person  in  the  same  year.  This 
concludes  the  patents  of  188 1. 

Q.  Will  you  now  proceed  to  describe  the  patents  of  1882  ? 

A.  No.  7  of  1882  is  the  patent  granted  to  S.  Sudheim  for  '  Im- 
provements in  double-acting  hot  air  engines,'  in  which  some  modi- 
fication is  described  of  the  displacer  piston  ;  and  details  of  other 
parts  are  given.  This  engine  is  not  an  explosive  engine,  but  is 
heated  externally.  The  cylinder  is  formed  with  a  pot-bottom  to 
which  the  heat  is  applied.  But  there  is  ample  experience  to  show 
that  such  heating-bottoms  are  soon  worn  out  No.  362  of  1882  is 
the  patent  granted  to  F.  W.  Turner  for  'Improvements  in  gas 
engines.'  There  are  two  cylinders,  the  pistons  of  which  are  coupled 
to  separate  cranks  on  the  same  shaft.  The  cranks  are  at  right 
angles  with  one  another.  The  gaseous  charge  is  ignited  in  the 
first  cylinder,  and  during  the  outward  movement  of  the  pistons  it 
exerts  its  expansive  force  in  both  cylinders,  which  are  then  placed 
in  communication  by  an  intermediate  port  or  passage.  As  shown 
in  fig.  194,  the  piston  B,  having  performed  nearly  half  its  down- 
ward stroke,  and  the  piston  b'  being  at  the  top  of  its  stroke,  the 
cylinder  A,  above  the  piston  B,  contains  gas  and  air,  which  have 
been  admitted  by  the  opening  of  the  valves  G  and  P.  The  valve  G 
is  about  to  rise  for  the  further  admission  of  gas  from  the  supply 
aperture  /,  through  the  port  K.  The  valve  F  is  also  about  to  be 
opened  by  means  of  a  cam.  When  the  piston  B  has  reached  the 
end  of  its  downward  stroke,  the  cylinder  A  is  filled,  and  the  cylinder 
A'  is  half-filled  with  the  charge  of  gas  and  air,  when  the  supply  is 
cut  of£  During  the  upstroke  of  the  piston  B  the  whole  of  the  charge 
is  compressed  into  the  cylinder  k\  By  the  further  movement  of 
the  engine  in  the  same  direction  the  charge  is  compressed  from 
the  cylinder  A^  into  the  cylinder  A,  and  the  piston  B  again  arrives 
at  the  position  shown  in  the  drawing,  the  revolution  of  the  crank- 
shaft having  been  completed.  By  this  time,  the  valve  G  has  moved 
downward  to  allow  the  charge  to  be  ignited,  and  the  valve  F  being 
open,  the  total  force  of  the  explosion  is  exerted  simultaneously 
upon  the  two  pistons,    c  C  D  K  are  parts  of  crank  shaft ;  G  valve 
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rod ;  and  h  I J  K  L  M  N  and  aa'bc  pans  of  valve  gear.  No.  397 
of  i88a  is  the  patent  granted  to  C.  Emmet  for  '  Improvements  in 
gas  engines.'  The  general  arrangement  is  similar  to  that  of  the 
best  gas  engines,  and  all  the  parts  of  the  design  are  very  complete 
and  judicious.  The  gas  pump  can  be  disconnected  and  worked 
by  hand,  so  that  the  engine  can  be  started  without  turning  the  fly- 
wheel. Na  417  of  i88z  is  the  patent  granted  to  S.  Withers  fbr 
'Improvements  in  gas  engines.'  A  cheap  and  simple  form  of 
engine  is  described,  but  there  is  no  novelty  in  it  Na  579  of  1883 
is  the  patent  granted  to  A.  de  Bisschop  for  '  Improvements  in  gaa 
engines.'  These  improvements  are  chiefly  in  the  details  of  the 
Bisschop  engine,  and  are  in  some  instances  rather  primitive  A 
secondary  explosion  jet  is  prescribed  for  high  pressures.  But  this 
had  been  previously  done.  The  specifica 
tion  is  useful  as  a  suggestion  of  cheap  con  r—. 

stniction,  one  main  fault  of  gas  engines 
being  that  they  are  quite  too  dear  No  614 
of  1882  is  the  patent  granted  to  W  B  Haigh 
and  J.  Nuttall  for  '  Improvements  in  the 
construction  of  gas  engines '  They  pro 
pose  to  use  two  cylinders  in  line,  and  that 
the  charge  shall  act  on  both  at  the  same  time 
In  the  ignition  valve  of  this  engme,  shown 
in  fig.  195,  f  f  is  a  casting  in  which  a 
conical  cavity,  r,  is  formed.  This  casting  is 
screwed  to  the  outside,  and  the  cavity  is  NuJau'^'^iS^ 
so  formed  that  its  lower  side  is  horizontal, 
or  nearly  so.  On  it  a  ball,  s,  rolls,  but  is  prevented  from  having 
too  much  play  by  a  stop-pin,  /.  At  the  apex  of  this  conical  cavity 
there  is  a  small  hole,  u,  leading  into  a  peculiarly  formed  chamber 
or  passage,  v  v,  in  which  is  a  gas-flame  that  is  constantly  burning 
from  a  Bunsen  burner,  w,  there  being  a  free  passage  for  the  flame 
to  ignite  the  mixture  in  the  cylinder.  The  moment  ignition  ensues, 
the  ball  s  is  forced  against  the  apex  of  the  conical  cavity  by  the 
expansion  of  the  gases,  and  the  passage  u  to  the  flame  is  stopped, 
thus  preventing  the  light  from  being  put  out.  The  ball  s  then 
rolls  down  again  by  its  own  gravity,  which  allows  the  flame  again 
to  ignite  the  mixture  in  the  cylinder,  and  so  on  at  each  stroke  of 
the  piston.  This,  though  an  ingenious,  is  a  very  precarious 
arrangement,  and  not  equal  to  the  flap  or  mushroom  valve  used 
in  some  gas  engines.      No.  703  of  18S3  is  a  patent  granted  to 
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C.  T.  Wordsworth  and  H.  Lindleyfor'Improvemenls  i 
One  improvement  is  the  icilerpositinn  af  a  valve  between  the  explo- 
sion chamber  and  tbe  working  cylinder.  Using  a  flushing  cbat^ 
of  air  is  another,  but  there  is  nothing  new  in  this.  No.  994  of  i^i 
is  a  patent  granted  to  J.  Fielding  for  '  Improvements  in  gas  motor 
engines-'  A  piston  is  used  to  expel  the  products  of  combustion, 
a  sliding  stuffing-box,  and  electric  lighting  ;  nothing  new.  No. 
1,026  of  1882  is  a  patent  granted  to  P.  Niel  for  '  Improvements  in 
gas  engines.  These  improvements  ate — 1st,  utilising  the  outer 
part  of  each  piston  to  blow  out  the  products  of  combustion  ;  and, 
the  combination  of  regenerators  with  gas  engines ;  3rd,  the  com- 
bination of  valves  adapted  for  regulating  the  gas  supply.  ^^ 
1,318  of  1882  is  the  patent  granted  to  C.  G.  Beechey  for  '  Impta 
ments  in  gas  motor  engines.'  The  primary  object  of  this  i' 
tion  is  to  remove  the  whole  of  the  products  of  combustion  fi 
gas  motor  engine  after  each  explosion,  and,  at  the  same  time,  to 
provide  a  sufficient  space  or  clearance  behind  the  piston,  when  al 
the  end  of  its  stroke,  to  contain  the  charge  of  compressed  combus- 
tible mixture  for  the  next  explosion.  The  invention  consists  in 
displacing  by  a  small  charge  of  combustible  mixture  the  products 
of  combustion  which  the  working  piston  is  unable  to  drive  out  of  die 
cylinder.  No.  1,360  of  1882,  is  a  patent  granted  to  H.  Sumner  (bt 
'  Improvements  in  gas  motor  engines.'  There  is  nothing  new  in 
this  patent  except  in  the  details.  Projecting  the  igniting  flame  into 
the  working  cylinder,  by  causing  a  small  portion  of  the  compressal 
combustible  charge  from  such  cylinder  to  pass  directly  across  the 
igniting  flame  opposite  to  the  entrance  of  the  cjlindcr  port,  is  on* 
of  the  earliest  lighting  expedients.  R.  Skene  (No.  1,590)  of  i88; 
patented  '  Improvements  in  gas  motor  engines.'  In  this  arrange- 
ment it  is  intended  to  dispense  with  the  water-jacket  or  any  cooliog 
medium  in  or  about  the  working  cylinder,  so  as  to  retain  and  utilise 
the  heat  generated  by  explosive  combustion.  Explosion  chambers 
of  special  form  are  attached  to,  but  are  separate  from,  the  w 
ing  cylinders.  The  piston  is  a  non-conductor,  and  there  is 
ignition  valve.  The  exploding  chamber  is  preferably  a  itibc  of  n 
diameter.  The  cylinders  are  fitted  with  trunks.  J.  A.  Dn]ce4 
A.  Muirhead  patented  No.  1,717  of  1882,  being  '  Improvementfl 
and  connected  with  gas  engines.'  In  addition  to  the  usual  p 
which  gives  motion  to  the  crank,  there  is  a  second,  or  displad 
piston  within  the  cylinder,  for  the  purpose  of  expellin, 
of  combustion.     This  had  before  been  done  by  many  [ 
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F.  Anderson  and  F.  W.  Ctossley  obtained  a  patent.  No.  1,754  of 
1882,  of  which  the  purpose  was  to  render  the  ignition  of  ihe  gas 
more  certain  in  the  ordinary  ignition  arrangement  of  SB's  engines. 
A  coil  of  wire  is  directed  10  be  introduced  into  the  cavity  which 
contains  ihe  ignited  gas,  among  which  a  jet  of  gas  is  introduced  at 
Ihe  lime  the  cavity  is  in  communication  with  the  external  kindting 
flame.  A  is  the  external  flame,  which  is  maintained  in  a  cavity 
of  the  slide-cover,  usually  having 
above  it  a  chimney,  a,  to  create  a 
little  draught  through  the  passages 
B  is  the  slide,  having  formed  in  it 
the  igniting  cavity  c,  which  has 
a  side  aperture,  c',  touards  the 
cylinder,  and  a  side  aperture  c 
towards  the  tlame  cavity  of  the 
cover,  and  also  another  passat.t  r 
leading  to  the  ignition  cavit>  i 
this  passage  having  a  side  <iper 
lure,  d,  towards  a  channel,  t 
formed  in  the  slide- cover,  and 
supplied  with  gas  from  the  r 
supply.  Within  the  ignition  cavity 
c,  in  the  part  of  it  next  to  its 
communications  with  A  and  D,  a 
coil  or  bunch  of  wire,  F,  is  fixed 
The  slide  b,  by  its  moiement, 
brings  the  apertures  c',  C  as 
shown,  for  a  moment  i 
cidence  with  the  corresponding 
apertures  in  the  slide-cover,  and, 
at  the  same  moment,  E  communi- 
cates through  d  with  D,  so  that  a 
stream  of  gas,  entering  by  d,  and  ^"  i-ngine. 

mixing  with  the  air  in  C,  is  kindled  by  the  exleriorflame  A,  producing 
a  flame  in  or  about  the  wire  k.  The  slide  then,  moving  on  wards,  cuts 
off  communication  by  ir*,  c',  and  d  with  the  passages  in  the  slide- 
cover,  and  opens  communication  by  the  apertures'  with  the  cylinder 
containing  the  combustible  gaseous  charge,  which  is  ignited  by  the 
flame  or  heat  retained  in  the  ignition  cavity  c,  the  wire  F  main- 
taining sufficient  heat  for  this  purpose.  C.  M.  Sombart  (No.  2,057 
iS^;  patents  '  Improvements  in  gas  en^nes,'  in  which  he 
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specifies  a  number  of  small  details  of  little  novelly  or  im[ 
S.  Worssam  (No.  2,136  of  1882)  paienis  '  Improvements  in  gas 
motor  engines,"  in  which  a  pump  for  compressing  the  combustible 
mixture  is  placed  in  the  same  line  as  the  cylinder  of  a  hortiontal 
gas  engine,  and  the  pistons  of  cylinder  and  pump  are  fixed  upon 
the  same  rod.  The  general  arrangements  are  eligible  enough,  but 
there  is  no  feature  of  novelty  or  importance  in  ihem.  S.  Clayton 
(No.  2,J02  of  18S3)  patents  '  improvements  in  motor  engines  worked 
by  gas  or  combustible  vapour  and  air.'  These  engines  are,  by 
preference,  double-acting  and  horizontal.  There  is  a  piunp  having 
a  shorter  stroke  than  the  engine,  and  the  piston  of  which  is  set  in 
advance  of  the  piston  of  the  engine.  There  is  a  firing  or  igniting 
chamber  at  each  end  o(  the  cj'linder,  lined  with  non-conducting 
and  incombustible  material.  There  is  little  that  is  novel  in  liic 
arrangements  proposed.  Oliver  Mobhs  (No.  2,257  of  1882)  patents 
'  Improvements  in  gas  engines  '  of  no  utility.  W.  B.  Hutchinson 
(No.  2,329  of  1S82)  patents  '  Improvements  in  gas  engines  '  of  no 
utility.  S.  and  H.  N.  Bickenon  patent  'Improvements  in  and 
applicable  to  gas  motor  engines'  (No.  2,345  "f  1882).  The  allc^ni 
novelty  is  a  displacer  piston  for  expelling  the  products  of  combustion. 

Q,  A  displacer  piston  seems  to  be  a  favourite  expedient? 

A.  Yes  ;  and  its  function  is  not  uniform.     Sometimes  such  dis- 
placer is  merely  a  feed  pump  for  air.  ^m 

Q.  OS  course  some  species  of  feed  pump  is  necessary  in  CM^H 

j4.  No  doubt  ;  but  sometimes  the  cylinder  acts  as  sm^H 
H.  Davey(N'o.  2,527  of  1882)  patents  'Improvements  in  app*- 
ratus  for  the  production  of  inflammable  gas,  and  applying  its 
combustion  for  the  production  of  motive  power.'  The  gas-pf» 
ducer  consists  of  a  strong  cylindrical  vessel,  lined  at  its  lower 
part  with  refractory  material,  A  (fig.  197),  and  having  in  its  nppa 
part  an  annular  water-casing,  I).  The  fuel  is  fed  from  lime  10  time 
through  a  hopper-valve,  c  {which  is  kept  cool  by  a  water<asii^). 
and  rests  on  the  perforated  refractory  bottom,  d,  the  inleriorof 
which  is  supplied  with  steam  by  a  pipe,  li,  leading  from  the  steim 
space  of  the  casing  B,  and  with  compressed  air  by  the  pipe  J',  ftoti 
the  air  reservoir,  both  supplies  being  regulated  by  suitable  stop- 
cocks or  valves.  The  fuel  can  be  stirred  by  the  poker.iod  * 
introduced  through  a  stuffing-box.  The  ash  falls  into  n  spMXU 
the  bottom,  whence  it  is  proposed  to  be  removed  tnm  time  10 
time  by  a  water-cased  valve,  c'.  There  is  a  great  deal  of  ability 
displayed  in  thU  patent,  and  the  gas-producer  shown  in  fig.  197  is 


^^^^^^^^^M 

L^^HB 

1 

^^^^^^^^^1 

■■^^fl 

^P                     Dtivey's  Gas-producing  Furnace. 

"•one  of  the  best  pro-                                ^^HflW 

jecicd.  Nevenheless                                ^^HV 

^1 

it  is  easy  to  see  that                                  ^^Hv 

^1 

it  could  not  be  made 

1 

to   work    practically        J 

in   the  way  the  in-  ^J 
venior  intended.     In     ^ 
the    first    place,   the 

J 

valve    at     the     top. 

througli    which    the 

^^^^1 

coal  is  to  be  intro- 

^w  ^^^^B'l  IE^"*-=j 

^^^^^1 

duced,  could  not  be 

^^^^^B 

expcaed  to  be  kept 

tight  under  any  con- 

siderable    pressure. 

r'^^^^^^^^^^ffij 

exposed  as  it  would 

^^^^^^^^^9 

be  to  the  scratching 

^^^^^^^^^^^a 

and     dust     of    coal 

^^^^^^^^^^^9 

being  continually  fed 

^^^^^^^^S 

in    against   delicate- 

^^^^B^^@' 

ly  finished  surfaces. 
The  poker,  too,  which 

■ 

is     to      be     worked 

"^P^^Bp  iffr^ 

through    a  stul^ng 

)  ^K  "7  \ '' 

bOK,  would    be    too          ^* 

^/  ^MH'  %l"; 

circumscribed  in  its 
movements     to     be 

^1^ 

^HBi    Y    ■ 

?rnr 

efficient  in  breaking 

'     APoikrv  \ 

up  a  caking  fire,  and 

-  #Slim\\     ^- 

W* 

the    clinker     would            -J- 

l^£_J^CwVj^te    i 

settle  upon  the  perfo-         \  A  jBBgf  A^ttgl  \ 

rations  of  the  shield,        j^Mff^^H^^^TT 

D,    and    hinder    the 

^■- '    '  1 

passage     of    air    or 

^H'       1 

steam  through  them. 

J^KL-, -^-_Ji. 



As    the  result  of  a                ^^^^^^tfUff^S^'^^ 

_«<,s,extensive  series            J^^-'^^BIB^ 

^if  experiments  with                              l^^BKr 
^Koducers     intended                                    B^B 

^^p    supply    carbonic                                 BHH 

^Bxide  gas  under  pres-         fig,  .gj.^D.vcy'*  G«-p.«iudng  Fam«., 

S9i. 

r               

l.\. 

514 


Air  and  Gas  Engines. 


sure,  1  have  found  the  arrangement  shown  in  fig.  198 
wliich  besi  answered  its  intended  purpose.  A  is  a  water-jackcitd 
pipe  tlirough  which  the  fuel,  which  is  in  the  form  of  coa!-dusi, 
i&  continuously  fed  in,  and  through  which  it  may  be  ^oc  in  by 
a  stream  of  air  of  high  pressure  ;  B  is  a  prolongation  of  the  fur- 
nace upwards,  through  which  the  tuel  is  carried  into  ihe  tubt 
c,  past  the  throat 
1>,  to  the  lower  pan 
of  the  furnace,  in 
which  part  an  ac- 
tive combustion  i^ 
maintained  ;  £  i 
are  waier-pipcs  i 
prevent  the  thri 
of  the  furnace  fii.i:ii 
being  melted  bf  the 


uyh3 


F  F  arc  the  11 
ihrouKh  which  *-■ 
mingled  witJi  a  lit- 
tle finely  powdcml 
chalk  or  lime  ii 
sent  into  the  fuf- 
nace  ;  u  G  arc  smaU 
sup  piemen  I  ary  lu- 
ytres,  of  which  ihe 
function  is  10  kcrr 
the  ciinfcer,  witii  . 
becomes  fluid  b, 
Ihc  iniroduclioa  01 
the  lime,  in  a  mull- 
en  state:,  in  ord« 
thai  it  may  overiloi 
at  the  orifice  li 
which  in  its  iicii<' 
■smelting  furnace,  through  Kb;- ' 
through  QG  is  mixed  "i' 


resembles   the  dam   in   i 

the  slag  runs,  out      The 

a  small  quantity  of  pelriileum    but  for  which  the  clinker 

be  blown  black  by  the  bias,!  of  air     It  has  been  found  th«  tl 

coal-dust,  fed  mio  this  furnace,  does  not  cake,  however  bitirniiu.' 

iho  coal  from  which  it  has  bcui  dciivcd  ;  aud  the  catboaiccij. 


Patents  taken  out  in  1882.  515 

particles  are  projected  upward  through  the  tube  c,  and  being  then 
constrained  to  move  downward  by  the  spark-catcher  arrangement, 
they  are  carried  by  their  momentum  towards  the  throat  of  the  fur- 
nace, while  the  gas  thus  separated  from  them  passes  onward  in 
the  direction  of  the  arrows.  A  constant  circulation  of  the  minute 
carbonaceous  particles  is  thus  maintained  until  they  are  consumed ; 
and  the  infusible  residuum  being  rendered  fluid  by  the  lime,  which 
acts  as  a  flux,  runs  away  as  slag,  thereby  enabling  the  action  of 
the  furnace  to  be  maintained  unimpaired.  Instead  of  being  made 
of  brick,  the  furnace  may  be  made  of  iron  surrounded  by  water, 
and  such  a  furnace  has  been  found  in  practice  to  generate  carbonic 
oxide  under  pressure  without  being  embarrassed  with  the  incon- 
veniences which  necessarily  occur  where  pieces  of  coal  have  to  be 
fed  in  through  a  valve  or  door. 

Q,  What  other  patents  were  taken  out  in  1882  ? 

A.  There  are  a  good  many  more.  No.  2,753  of  1882  is  a  patent 
granted  to  C.  T.  Wordsworth  and  J.  Wolstenholme  for  '  Improve- 
ments in  gas-motor  engines,'  in  which  flushing  the  cylinder  with 
air  to  get  rid  of  the  products  of  combustion  is  the  chief  feature  : 
other  details  are  of  little  novelty  or  importance.  C.  Beissel,  No. 
3,435  of  1882,  patented  *  Improvements  in  gas-motor  engines,'  in 
which  he  also  flushes  the  cylinder  with  air.  He  also  modifies 
somewhat  the  ordinary  lighting  arrangements.  H.  P.  Holt  and 
F.  W.  Crossley,  No.  3,449  of  1882,  patent  improvements  which  con- 
tain nothing  of  any  importance.  T.  Hargreaves,  No.  3,540  of  1882, 
patents  *  Improvements  in  thermo-dynamic  engines.*  The  appa- 
ratus described  is  complex,  and  the  arrangements  imperfectly 
digested.  The  claim  is  '  in  regenerative  caloric  engines  in  which 
gaseous  liquid  or  solid  fuel  is  used,  working  substantially  in  the 
following  order  or  sequence  :  {a)  compressing  atmospheric  air,  {b) 
saturating  such  air  with  water-vapour,  {c)  superheating  the  said 
compressed  saturated  air  in  a  regenerator,  and  further  super- 
heating by  combustion,  and  {d)  using  the  said  compressed  satu- 
rated, superheated,  and  burnt  air  to  propel  a  piston  or  its 
equivalent.'  No.  3,819  of  1882  is  a  patent  granted  to  T.  McGilli- 
vray  for  *  Improvements  in  gas  engines,'  in  which  there  is  nothing 
new.  No.  4,378  of  1882  is  a  patent  granted  to  J.  Atkinson 
for  '  improvements  in  gas  engines,'  in  which  he  refers  to  a  pre- 
vious patent.  No.  4,086  of  1881.  There  is  nothing  new  in  this  one. 
No.  4,388  of  1882  is  also  for  *  Improvements  in  gas  engines.'  There 
is  nothing  novel  in  it.     No.  4,489  of  1882  is  a  patent  granted  to 
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F.  W.  Crossley  for  *  Improvements  in  gas-motor  engines,'  in  vdiidi 
the  charge  is  ignited  by  sending  a  lighting  mixture  through  a 
heated  U-tube  of  platinum  or  other  similar  metal.     No.  4,948  of 
1882  is  a  patent  granted  to  D.  Clerk  for  *  Improvements  in  motive- 
power  engines/   He  refers  to  a  previous  patent,  1,089  of  188 1  ;  the 
ignition  arrangements  of  the  present  patent  being  the  same  as  in 
that.     For  large  powers,  where  economy  of  gas  is  important,  com- 
pression, it  is  stated,  should  be  used ;  but  for  small  powers  this 
condition  may  be  neglected.   No.  5,510  of  1882  is  a  patent  granted 
to  J.  Maynes  for  *  Improvements  in  gas-motor  engines.'     This  is 
a  most  elaborate  specification,  enumerating  seventeen  different 
heads  of  improvement,  of  which  the  most  important  seems  to  be 
the  use  of  telescopic  cylinders  with  a  small  space  between  them, 
to  keep  the  lubricated  surfaces  sufficiently  cool  without  the  use  of 
a  water-jacket.    The  resulting  engine,  however,  though  exhibiting 
much  inventive  resource,  is  far  too  complicated  for  general  use. 
No.  5,782  of  1882  is  a  patent  granted  to  W.  Watson  for  '  Improve- 
ments in  gas  engines,'  which  provides  a  lifting  valve  at  the  end 
of  the  cylinder  for  letting  out  the  products  of  combustion  at  the 
right  moment     For  exploding  arrangements  he  refers  to  patents 
No.  1,723  and  No.  2,919  of  1881.  A  small  force-pump  is  emplo>'e<i 
to  force  a  charge  into  the  cylinder  for  starting  the  engine,  which, 
however,  had  been  proposed  before.     No.  5,819  of  1882  is  a  patent 
granted  to  G.  Whittaker  for  a  gas  lighting  valve  of  no  visible 
advantage.     No.  6,130  of  1882,  a  patent  granted  to  V.J.  Laurent 
for '  Improvements  in  gas  engines,'  is  a  very  judicious  and  «i-cU- 
digested  arrangement     The  objects  proposed  to  be  attained  art 
all  good,  but  not  novel;  and  the  resulting  mechanism  is  moit 
complex  than  is  advisable.     There  is  a  hot  cylinder  fitted  with  a 
plunger,  and  a  cold  cylinder  or  pump  of  the  same  diameter  as  the 
hot  cylinder  and  in  the  same  line  ;  so  that  one  piston-rod  does  for 
both.     The  hot  cylinder  is  cooled  by  passing  the  compressed  ga^ 
through  a  double  external  jacket  which  surrounds  it ;  and  there  is 
a  perforated  distributing  diaphragm  at  the  upper  end  of  the  hot 
cylinder.    A  tubular  regenerator  or  heater  is  employed  to  heat  the 
entering  air  by  the  escaping  products  of  combustion,  and  the  light- 
ing is  effected  by  a  coil  of  platinum  wire  made  incandescent  by 
electricity.     This  concludes  1882  and  brings  us  to  1883. 

Q,  What  patents  for  gas  engines  were  taken  out  in  that  year? 

A,   They  become  more  numerous  as  we  go  on.     The  first 
patent  granted  is  No.  326  to  C.  T.  Linford  and  W.  E,  Cooke 
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for  *  Improvements  in  gas  engines,'  consisting  of  some  modi* 
fications  of  the  details,  of  little  importance.  No.  499  of  1883 
is  a  patent  granted  to  G.  W.  Weatherhogg  for  *  Improvements  in 
air  and  gas-motors  and  apparatus  for  the  production  of  gas  there- 
from.' It  has  been  found,  it  is  stated,  that  difficulty  occurs  in 
cleanng  the  cylinder  of  the  products  of  combustion.  To  effect 
this,  two  combustion  chambers  or  reservoirs  are  employed ; 
so  that  one  may  be  cleared  of  the  products  of  combustion  while 
the  other  is  generating  them.  One  way  of  doing  this  is  by  a  pis- 
ton ;  another  is  by  a  blow-through  action  with  air  or  steam.  This 
is  a  very  thoughtful  specification,  and  exhibits  an  adequate  acquaint- 
ance with  the  subject  to  which  it  relates :  it  refers  to  a  previous 
patent.  No.  4^402  of  1881.  No.  638  of  1883  is  a  patent  granted  to 
C.  W.  King  and  A.  Cliff  for  *  Improvements  in  gas-motor  engines.* 
The  chief  recommendations  are  flushing  or  washing  out  the  cylin 
der  by  air,  and  providing  a  small  chamber  at  the  end  of  the  cylin- 
der into  which  the  explosive  mixture  enters,  and  which  is  lined 
with  intractable  material  and  provided  with  two  small  platinum 
spirals,  which  keep  the  gas  introduced  in  a  state  of  ignition.  The 
flame  strikes  back  when  a  small  outlet  valve  is  closed,  and  ignites 
the  charge  within  the  cylinder.  The  platinum  spirals  must  be 
heated  at  starting.  No.  645  of  1883  is  the  patent  granted  to  James 
Robson  for  *  Improvements  in  motive-power  engines.*  There  is 
nothing  of  any  novelty  or  importance  in  this  patent  No.  979  of 
1883  is  the  patent  granted  to  N.  de  Kabath  for  *  Improvements  in 
gas  and  other  engines.*  The  design  here  given  is  intended  fof 
fast  and  cheap  engines,  and  it  exhibits  competent  skill,  and  reflects 
much  credit  upon  the  patentee.  But  it  is  doubtful  whether  the  engine 
is  sufficiently  simple  to  be  very  cheap.  The  nature  of  the  arrange- 
ments will  be  best  explained  by  the  aid  of  the  illustrations : — 
Fig.  199  is  a  vertical  section  in  the  plane  of  the  crank-shaft,  and 
fig.  200  a  vertical  section  in  a  plane  at  right-angles  with  the  crank- 
shaft ;  fig.  201  is  a  detail  of  the  governor  ;  fig.  202  a  horizontal  section 
through  the  ignition  port  and  valve ;  fig.  203  an  elevation  of  the 
ignition  apparatus  ;  fig.  204  a  horizontal  section  of  the  piston ;  and 
fig.  205  a  plan  of  the  main  inlet  valve  for  air.  The  engine,  it  will 
be  seen,  is  vertical,  with  two  cylinders  of  different  sizes,  cast  in  one 
piece  and  fitted  with  trunk  pistons.  A  is  the  working  piston ;  s, 
water-jacket ;  B,  the  vacuum  piston  ;  c,  the  crank;  E,  piston  valve 
carrying  igniting-flame  worked  by  an  eccentric,  x,  and  rod,  w.  The 
valve  dips  into  the  oil  cup,  Y ;  </  is  a  by-pass  leading  to  chamber  a, 
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and  controlled  by  plug  h  communicating  whh  cavity  c,  by  whk*  (I 
escapes  from  T  into  k,     r  is  a  chimney  with  contracled  ^r  inlel  J 


■  Patents  taken  out  in  1SS3.  5  ig 

P^ipnitingflame:  A,  airinlet  loblowflame?  to  aperture^,  d,  inlet  for 
gas  and  air — or  gas  only— from  pipe  n,  admission  controlled  by  o. 


clnsed  by  spring  on  rod  /,  on  lever  G,  mrn-cd  by  rod  M,  connected 
.  jsJUj  rgller  L,     n,  screw  for  adjusting  lift  of  o,  and  /,  set  screw. 
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I  is  roller  tappet  controlled  by  governor  H  \ffzxe  oil  cups,  and  n  a 
wick  to  oil  crank  pin  through  wiper  o.     No.  i,o6o  of  the  year  1883 
is  the  patent  granted  to  F.  von  Martini  for  *A  new  gas-motor.' 
This  patent  exhibits  considerable  ingenuity,  but  no  feature  of  novelty 
or  importance.     No.  1,098  of  1883  is  the  patent  granted  to  E.  G. 
Wa&tfield  for  *  Improvements  in,  and  applicable  to,  gas  engines.' 
Nothing  novel  or  important  is  propounded.     No.  1,116  of  1883  is 
the  patent  granted  to  R.  Steel  and  H.  W.  Whitehead  for  *  Impro\'e- 
ments  in  gas  engines.'     They  make  the  piston  hollow,  and  the 
charge  is  compressed  into  it  before  explosion  instead  of  into  a 
chamber  at  the  end  of  the  cylinder  :  nothing  new.     H.  Townsend 
and  E.  and  E.  C.  Davies  (No.  781)  patent  *  Improvements  in  gas- 
motor  engines.'     In  a  horizontal  engine  there  are  two  cylinders,  so 
arranged  that  one  end  of  each  forms  a  working  cylinder  in  which 
the  motive  power  is  generated,  while  the  other  end  forms  a  com- 
pressing pump.     E.  Butcher,  No.  1,835,  patents  *  Improvements  in 
gas-motor  engines.'     He  uses  a  pump  to  withdraw  the  products 
of  combustion  at  the  end  of  the  stroke.     G.  G.  Picking  and  W. 
Hopkins  patent.  No.  2,492,  *  Improvements  in  gas-motor  engines,' 
which  mainly  consist  in  blowing  through  with  air  before  intro- 
ducing the  next  explosive  charge.     W.  B.  Haigh  and  J.  Nuttail 
No.  2,057,  use  two  cylinders  and  pistons  of  different  sizes  to  more 
effectually  expel  the  spent  gases.     L.  H.  Nash,  in  the  patent  No. 
2,561,  gives  a  long  and  complex  specification.     It  describes  a  gas 
engine  in  which  provision  is  made  for  slow  combustion  instead  of 
explosion,  and  the  gas  and  air  enter  separately.     E.  Korting  and 
Cj.    Leeckfield  patent,  No.  2702,  *  Improvements  in  gas-motors.' 
They  specify  modifications  in  the  way  of  introducing  the  gases,  of 
igniting  them,  and  of  governing  the  speed.     The  suggestions  arc 
thoughtful  and  judicious,  but  not  very  important.    E.  and  E.  Crowe 
patent.  No.  2,706,  *  Improvements  in  gas-caloric  motive  engines' 
In  this  patent  the  chief  feature  is  the  application  of  a  regenerator 
to  gas  engines.    There  are  two  separate  compressing  pumps— one 
to  compress  the  air,  and  the  other  the  gas.    After  compression,  the 
gas  is  passed  into  the  bottom  of  a  reservoir,  which  is  lined  with 
refractory  material,  and  where  it  is  mixed  with  just  sufficient  air  to 
ensure  perfect  combustion.    The  greater  part  of  the  air  delivered 
by  the  pump  is  passed  into  the  said  reservoir,  at  a  distance  from 
the  gas  inlet  sufficient  to  allow  the  first  mixture  to  undergo  perfect 
combustion,  and  then  diluting  the  products  sufficiently  to  enable 
them  to  be  conveniently  employed  in  a  working  c>'lindcr  without 
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having  recourse  to  water-jacketing.  At  the  bottom  of  the  reservoir 
there  is  a  door  through  which  ignited  coke  can  be  introduced  for 
lighting  the  gas  when  the  engine  is  started.  The  refractory  mate- 
rial, after  it  becomes  hot,  will  continue  the  combustion.  The  gas 
and  air  pumps  have  together  the  same  sectional  area  as  the  work- 
ing cylinder,  and  are  concentric,  the  one  with  the  other.  It  is 
stated  that  it  is  convenient  to  make  the  hot-air  reservoir  and  the 
regenerative  chamber  of  equal  capacities.  The  arrangements  are 
thoughtful,  and  the  design  altogether  is  far  above  the  average 
quality  of  such  productions.  S.  Marcus  patents,  No.  2,790,  *  Im- 
provements in  gas-motor  engines.'  These  purport  to  be  some 
rectifications  of  a  patent  granted  in  1882  (No.  2,423).  But  neither 
patent  contains  anything  of  importance.  C.  Ingrey  patents,  No. 
2,8or,  *  Improvements  in  caloric  engines.'  This  patent  specifies 
various  improvements  in  the  details,  one  of  which  is  the  use  of 
slide  valves  of  plumbago  with  metal  lips.  F.  H.  W.  Livesey,  No. 
2,927,  patents  *A  new  or  improved  gas-motor  engine* — the  im- 
provement consisting  in  the  application  of  a  regenerator.  C.  H. 
Andrew,  No.  3,066,  patents  *  Improvements  in  gas-motor  engines,' 
the  object  of  which  is  to  produce  an  explosion  at  each  revolution 
of  the  engine.  A  preliminary  explosion  is  accomplished  in  a  small 
chamber,  the  force  of  which  is  sent  into  the  cylinder,  as  the  valve 
by  its  motion  a  little  further  opens  a  passage.  This  had  been  done 
before.  The  products  of  combustion  are  expelled  from  the  cylinder 
by  the  inrush  of  the  next  charge  of  explosive  mixture.  This,  how- 
ever, in  other  cases  had  not  been  found  to  be  sufficient  The 
engine  is,  on  the  whole,  well-designed.  There  is  a  horizontal 
cylinder  on  each  side  of  a  horizontal  shaft,  one  of  which  cylinders 
acts  as  a  pump,  while  in  the  other  the  power  is  generated  by  the 
explosion  of  the  compressed  gases.  J.  Fielding,  No.  3,070,  speci- 
fies *  Improvements  in  gas-motor  engines,'  one  of  which  is  the 
application  of  a  small  supplementary  cylinder  instead  of  the  usual 
space  left  at  the  end  of  the  horizontal  cylinders  of  gas  engines, 
this  supplementary  cylinder  being  useful  for  the  expulsion  of  spent 
gases.  There  is  also  some  variation  from  the  usual  lighting 
arrangements.  L.  M.  Martin  and  F.  W.  Gilles  patent,  3,071,  *  Im- 
provements in  heated-air  motors,'  but  there  is  no  visible  supe- 
riority in  their  arrangements  over  others  which  had  been  projected 
before,  and  all  the  novelty  claimed  is  for  the  arrangement  of  the 
details.  F.  W.  Crossley  in  his  patent.  No.  3,079,  specifies  two 
Otto  engines  placed  side  by  side,  and  working  on  to  the  same 
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crank :  a  small  matter  to  take  a  patent  for  !    P.  Niel,  No.  3,135, 
patents  *  Improvements  in  the  construction  and  arrangement  of 
gas  engines.'     This  project  is  designed  to  vary  automatically  the 
volume  of  mixture  of  gas  and  air,  and  its  compression  before  igni- 
tion, the  mixture  being  in  each  case  of  the  same  proportions.    The 
arrangements  are  very  judicious,  and  the  engine  is  well-designed, 
and  ought  to  be  an  efficient  and  satisfactory  motor.     W.  Foulis, 
No.  3,280,  patents  *  Improvements  in  gas  engines,'  one  of  which 
is  the  use  of  an  instrument  for  adjusting  the  proper  proportions  of 
gas  and  air,  and  which  he  calls  a  'mixing  meter/    Several  improx'C- 
mcnts  in  the  details  of  gas  engines  are  described,  some  of  which 
are  emendations  of  a  previous  patent,  No.  180  of  188 1.  The  igniter 
employed  is  a  tube  of  fire-clay,  which  becomes  heated  by  the  gas, 
and  which  re- ignites  the  flame  if  blown  out.     The  various  patents 
of  this  inventor  exhibit  conspicuous  ability.     C.  F.  L.  Gardie,  No. 
3,383,  patents  '  Improvements  in  gas  engines,'  in  which  the  cylin- 
der is  lined  with  refractory  material.     For  igniting  the  gas  a  metal 
tube  of  small  diameter  is  provided  with  a  platinum  burner  sup- 
plied with  explosive  mixture  from  the  reservoir,  and  from  which  a 
jet  of  flame,  constantly  burning,  is  directed  upon  a  platinum  wire, 
which  is  thereby  maintained  at  a  white  heat.    A  regenerator,  also, 
is  employed.    But  there  is  nothing  sound  in  the  provisions  of  this 
patent,  and  the  drawing  appended  to  it  is  of  the  crudest  character. 
C.  T.  Wordsworth  and  H.  Lindley  patent.  No.  3,568,  '  Improve- 
ments in  gas-motor  engines,'  which  relate  chiefly  to  emendations 
in  a  patent,  No.  2,181  for  1880.     The  working  and  charge- pistons 
are  arranged  in  a  similar  manner  to  that  adopted   in   Bra>-tons 
patent,  No.  432  of   1872.     But  the   compression  piston  is  made 
larger  than  the  working  piston,  to  enable  a  larger  volume  of  com- 
bustible mixture  to  be  used.     The  engine  is  well  designed,  but 
exhibits  little  novelty.     J.  A.  Serrell  patents.  No.  4,242,  '  Improve- 
ments in  gas  engines.'    We  have  here  a  verbose  specification  uith 
little  novelty.     It  prescribes  the  ignition  of  a  charge  of  compressed 
air  and  gas  in  a  cylinder,  by  the  explosion  of  a  separate  smaller 
charge  not  under  compression — an  arrangement  made  by  several 
persons  before  this  date.     The  Economic  Motor  Company  of  New 
York  patent,  No.  4,260,  *  Improvements  in  gas  engines.'    But  the 
specification,  though  elaborate,  contains  no  feature  of  novelty.    C 
H.  Andrew,  No.  4.291,  patents  *  Improvements  in  gas  engines,' 
consisting  of  the  introduction  of  a  check  valve  between  the  slide 
and  the  cylinder,  so  as  to  take  off  the  slide  the  pressure  of  the 
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explosion.  A  rather  narrow  basis,  this,  on  which  to  rest  the  preten- 
sions of  a  patent !  M.  V.  Schiltz,  No.  4,455,  patents '  Improvements 
in  gas  and  petroleum  engines,'  consisting  of  various  emendations  in 
the  patent  No.  3,330  of  188 1.  Nothing  material  is  here  described. 
T.  M.  Williamson,  J.  Malam,  and  W.  A.  Ireland,  No.  4,816, 
patent  improvements  in  gas-motor  engines,'  several  of  which  are 
emendations  of  previous  patents.  The  engine  resulting  is  well- 
designed,  but  does  not  contain  many  features  of  novelty.  The 
lighting  arrangement  consists  of  a  metallic  tube,  heated  externally 
by  a  Bunsen  burner.  During  the  compression  of  the  charge,  a 
small  stream  of  the  mixture  escapes  outwardly  and  bums  at  the 
mouth  of  the  hot  tube.  The  products  of  combustion  coming  from 
it  escape  into  the  atmosphere  through  a  small  valve,  which,  when 
suddenly  shut,  causes  the  flame  to  strike  back  and  ignite  the 
charge  in  the  cylinder.  C.  A.  Bullock,  No.  5,085,  patents  *  Im- 
provements in  gas-motor  engines,'  but  there  is  nothing  of  novelty 
in  them.  H.  C.  Bull  patents.  No.  5,113,  *  improvements  in  gas 
engines.'  These  improvements  relate  to  that  kind  of  gas  engine 
in  which  an  eflfective  stroke  is  obtained  for  every  revolution  of  the 
crank  in  a  single  cylinder,  in  which  a  primary  and  secondary  piston 
work.  The  cylinder  consists  of  two  concentric  vessels,  the  outer 
one  of  which  is  cast,  and  is  provided  with  the  necessary  ports. 
The  inner  vessel  is  a  steel  tube,  and  forms  the  working  cylinder. 
For  the  ignition  of  the  combustible  charge  a  slide  valve  is  em- 
ployed, having  two  chambers,  one  of  which  serves  as  a  reservoir 
while  the  other  is  a  flame-pocket.  The  engine  is  well-arranged, 
and  the  hand  of  a  competent  engineer  is  discernible  in  it.  W.  E. 
Hale  in  his  patent.  No.  5,265,  employs  an  electrical  igniter,  so  that 
the  charge  may  be  fired  near  the  centre  instead  of  at  the  side  of 
the  cylinder ;  but  there  is  no  material  novelty  in  the  general  design. 
Julius  Sohnlein,  5,297,  patents  *  Improvements  in  petroleum  motors.' 
A  jet  of  petroleum  is  injected  into  a  vessel  of  compressed  air,  and 
is  fired  by  electricity.  The  project  is  well-conceived,  but  the  plan 
received  provisional  protection  only.  W.  Schmidt  patents,  5,317, 
*  Improvements  in  hot-air  engines,'  in  which  a  reservoir  of  liquid 
is  used,  into  which  the  surplus  heat  is  to  be  introduced,  and  the 
steam  thence  resulting  is  to  close  a  valve  which  admits  air  to  the 
grate  to  maintain  the  combustion.  G.  G.  Picking  and  W.  Hopkins 
patent.  No.  5,406,  *  Improvements  in  gas-motor  engines.'  This 
refers  to  a  previous  patent.  No.  2,492,  of  the  same  year,  and 
of  which  the  present  contains  some  emendations.     But  there  is 
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nothing  novel  or  material  in  it.     L.  H.  Nash,  No.  5,543,  pataits 
'  Improvements  in  the  construction  of  gas  engines.'    This  sped- 
ncation  intimates  that  the  best  authorities  on  gas  engines  allege 
that,  of  the  total  heat  consumed  in  gas  engines,  about  16  per  cent 
is  utilised  ;  5 1  per  cent,  being  abstracted  by  the  water  jacket,  and 
31  per  cent,  carried  away  by  the  educted  gases,  while  2  per  cent  is 
lost  in  radiation.     The  indications  sought  to  be  fulfilled  are  judi- 
cious  enough,  one  of  them  being  to  work  at  a  very  high  pressure. 
But  the  modes  prescribed  of  giving  effect  to  the  resulting  aspira- 
tion do  not  appear  likely  to  come  into  use.     In  the  same  year  the 
same  person  took  out  two  other  patents,  Nos.  5,632  and  5,633,  in 
one  of  which  is  figured  a  three-cylinder  engine,  resembling  Brother- 
hood's arrangement,  but  which  is  to  be  worked  by  gas  instead  of 
steam.    All  the  forms,  however,  appear  to  be  too  complex  and 
costly  to  be  likely  to  come  into  use.     S.  Wilcox  patents.  No.  5,636, 
'  Improvements  in   hot-air   engines.*      The  specification  exhibits 
competent  engineering  skill,  and  is  very  elaborate  and  well-con- 
sidered.    But,  in  common  with   all   hot-air  engines,  it  is  bulky 
relatively  with  the  power  generated,  and  it  is  deficient  in  simplicity. 
E.  C.  Mills  patents.  No.   5,721,  'Improvements  in  gas-motor  en- 
gines.'    These  improvements  consist  chiefly  of  immaterial  details. 
To  ignite  the  charge,  a  thimble  of  platinum  is  employed,  which 
projects  into  a  small  chamber  that  communicates  through  a  valve 
with  the  explosion-chamber  in  the  cylinder.     Projecting  into  the 
thimble  is  a  burner  fed  with  compressed  mixed  gases.     To  make 
sure  that  the  heat  will  be  maintained,  it  is  necessary  to  obtain  a 
diffusion  of  the  issuing  gases,  and  for  this  purpose  layers  of  plati- 
num wire    gauze,  or  spongy  platinum,   porous  earthenware,  or 
asbestos  are  employed  opposite  to  the  jet    C.  M.  Sombart  patents, 
No.  5,923,  *  Improvements  in  gas  engines.'    One  source  of  imper- 
fection in  gas  engines  is  the  difficulty  of  adjusting  the  power  gene- 
rated to  the  work  to  be  done.     A  common  mode  of  doing  this  is 
by  making  more  or  fewer  effective  strokes  in  the  minute.     But  in 
this  patent  it  is  proposed  to  have  two  cylinders,  and  to  throw  one 
of  them  out  of  use  when  the  power  generated  is  too  great.    The 
proper  course,  however,  is  to  regulate  the  admission  of  air  and 
gas  to  the   power  required.     The  composition  of  the  explosive 
mixture  should  be  the  same,  but  there  should  be  more  or  less  of  it 
used  as  the  power  needed  is  great  or  small. 

Q,  \n  looking  back  upon  this  array  of  contrivances  for  the 
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supersession  of  the  steam  engine,  will  you  state  what  the  practical 
result  has  been  of  such  a  large  expenditure  of  ingenuity  ? 

A.  Up  to  the  present  time  the  benefit  attained  has  been  insig- 
nificant. Air  or  gas  engines  of  small  power  have  been  introduced 
in  some  of  those  cases  where  the  chief  expense  to  be  encountered 
is  the  wages  of  an  attendant ;  for  whereas  when  a  steam  boiler  is 
employed  a  man  is  generally  required  to  attend  to  it,  to  replenish 
the  furnace  with  coal  and  to  regulate  the  supply  of  the  feed  water, 
most  of  this  attention  can  be  dispensed  with  in  the  case  of  an  air 
or  gas  engine,  which,  once  lighted  and  started,  requires  little  further 
care.  The  saving  thence  resulting,  however,  is  not  a  saving  in  fuel 
or  machinery,  but  in  the  cost  of  the  attendant's  wages.  In  the  case 
of  large  powers  this  benefit  would  not  be  realised,  as,  with  engines 
of  any  kind,  if  of  considerable  size,  an  attendant's  services  will  be 
necessary  to  oil  the  bearings  of  the  engine  and  of  the  shafting  it 
drives,  to  see  that  the  brasses  are  neither  too  tight  nor  too  slack,  so 
as  to  create  heating  or  knocking,  and  to  perform  various  other  ser- 
vices which  in  the  case  of  small  powers  may  be  deferred  or  delegated 
with  scarcely  any  appreciable  cost  for  wages.  The  preference  given 
to  air  and  gas  engines  in  certain  cases  is  almost  wholly  upon  this 
ground,  and  such  engines  have  not  yet  been  successfully  introduced 
in  any  case  in  which  a  large  power  is  required. 

^  Is  there  any  insuperable  impediment  to  their  adoption  for 
large  powers  ? 

A.  I  believe  there  is  in  the  case  of  air  engines,  and  this  impedi- 
ment is  created  by  the  circumstance  that  air  is  a  very  bad  con- 
ductor of  heat.  The  difficulty  of  heating  it  in  any  possible  air 
boiler  is  so  great,  and  involves  such  weight  and  magnitude  of 
apparatus,  that  there  is  very  little  probability  of  such  a  system 
being  adopted  for  large  powers.  In  the  case  of  gas  engines  where 
the  air  is  heated  by  internal  combustion,  this  difficulty  is  avoided. 
But  coal  gas  is  a  costly  fuel,  and  although  carbonic  oxide  may 
eventually  be  introduced  in  substitution  of  it,  yet  this  carbonic  oxide 
would  have  to  be  made  in  a  separate  apparatus,  involving  cost  and 
complication;  and  with  carbonic  oxide  a  very  much  larger  engine 
would  be  necessary  to  generate  the  same  power.  While,  therefore,  I 
believe  that  the  present  steam  engine  will  eventually  be  superseded 
by  a  thermo-d>Tiamic  engine,  which  with  less  machinery  will  gene- 
rate the  power  with  less  cost,  and  while  I  am  further  of  opinion  that 
such  a  result  is  near  at  hand — the  means  for  its  attainment  being,  in 
fact,  already  visible — I  do  not  discern  in  any  of  the  projects  which 
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have  been  hitherto  propounded  the  combination  of  the  necessazy 
qualities  to  effect  this  great  amelioration. 

Q.  What,  then,  are  the  qualities  necessary  ? 

A,  To  render  more  clear  what  remains  to  be  done  in  this  direc- 
tion, it  will  probably  be  the  best  course  to  recapitulate  what  has 
been  practically  accomplished  already.  We  shall  thus  be  able  to 
see  where  we  stand,  and  the  lines  of  successful  progress  in  the  past 
may  be  projected  into  the  future,  indicating  by  their  convergence 
the  point  which  we  wish  to  fix  and  to  overtake. 

PRACTICAL  RESULTS  AND   FUTURE  PROSPECTS. 

Q.  Will  you  state,  then,  what  have  been  the  best  results  in  re- 
gard to  the  performance  of  air  and  gas  engines  which  have  been 
practically  reached  up  to  the  present  time  ? 

A.  The  earliest  important  success  was  that  obtained  by  the 
Rev.  Dr.  Robert  Stirling,  who  in  1816  invented  the  regenerator 
and  applied  it  to  an  air  engine,  subsequently  patented  by  him  and 
his  nephew  James  Stirling,  as  narrated  in  the  historical  sketch 
already  given.  In  this  engine  the  heat  was  applied  to  the  bottom 
of  the  cylinder,  which  was  made  hemispherical ;  and  from  the  small 
area  of  the  heating  surface  and  the  imperfect  conductivity  of  the 
air,  the  bottom  of  the  cylinder  was  soon  worn  out  from  the  high 
temperature  to  which  it  was  subjected.  Nevertheless  this  engine 
attained  a  measure  of  practical  success  quite  equal  to  any  that  has 
since  been  reached  by  air  engines.  Several  of  Stirling's  engines 
were  made,  and  one  of  them  drove  the  machiner>'  of  the  Dundee 
Foundry  for  many  years.  Of  this  engine  a  description  was  gi\en 
by  Mr.  James  Stirling  before  the  Institution  of  Civil  Engineers,  in 
1845.  The  cylinder  was  of  16  inches  diameter  and  4  feet  stroke, 
and  the  engine,  which  was  double-acting,  made  28  revolutions  per 
minute.  The  power  generated,  as  ascertained  by  a  friction  brake, 
was  45-45  horses  power,  or,  adding  one-tenth  for  the  friction  of  the 
engine,  the  indicated  power  was  50  horses.  The  coal  consumed 
per  hour  was  183*3  lbs.,  which  gives  a  consumption  of  i  66  lbs.  of 
coal  per  horse-power  per  hour.  But  steam  engines  have  lor.j: 
worked  with  an  economy  equal  to  this,  and  are  not  subject  to  the 
same  disability  from  the  bottom  of  the  cylinder  being  speedily 
worn  out  and  having  to  be  so  often  renewed. 

Q,  What  was  the  temperature  of  the  air  used  1 

A.  The  temperature  of  the  working  air  was  650%  and  of  the 
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exhaust  150°  Fahr.  The  maximum  pressure  was  240  lbs.  per 
square  inch,  and  the  mean  effective  pressure  was  3775  lbs.  In 
this  engine  the  volume  of  the  motive  air  remains  constant,  and,  in 
fact,  the  same  air  is  permanently  retained.  But  the  temperature  of 
the  air  is  changed,  and  consequently  the  pressure,  by  sending  it 
through  the  regenerator,  either  to  deposit  its  heat  as  it  goes  out  of 
the  cylinder  or  to  regain  its  heat  as  it  comes  in.  In  Ericsson's 
engine  the  pressure  is  constant,  but  the  temperature,  and  conse- 
quently the  volume,  is  changed. 

Q.  What  result  has  been  practically  obtained  by  Ericsson  in 
his  air  engines  of  large  size  ? 

A.  About  1852  the  steam  ship  *  Ericsson '  was  constructed  with 
4  cylinders,  each  14  feet  diameter  and  6  feet  stroke.  The  working 
pressure  of  the  air  was  2*12  lbs.  per  square  inch.  The  collective 
indicated  power  of  the  engines  was  300  horses,  and  the  consump- 
tion of  coal  per  horse-power  per  hour  was  i  '%7  lbs.  The  air  was 
heated  by  the  application  of  a  fire  to  the  bdttom  of  each  cylinder, 
and  the  bottoms  of  the  cylinders  were  domed  upwards  mstead  of 
being  bellied  downwards  as  in  Stirling's  arrangement.  The  engines 
of  Stirling  and  Ericsson  have  been  the  most  successful  air  engines 
that  have  been  tried.  An  engine  constructed  by  Sir  George  Cayley, 
and  worked  by  the  products  of  combustion  from  a  furnace,  was 
very  soon  disabled  by  injury  to  the  cylinder,  piston,  and  valves  from 
the  high  temperature  and  the  dust 

Q.  Before  we  can  compare  the  performance  of  air  engines  with 
that  of  gas  engines  we  must  know  what  are  the  respective  heating 
powers  of  a  pound  of  coal  and  a  pound  of  gas  i 

A,  That  is  so. 

Q.  You  have  already  staled  that  a  pound  of  carbon  will  raise  a 
pound  of  water  about  14,500°  Fahr.^ 

A.  Yes,  and  a  pound  of  good  coal  will  give  about  the  same 
result.  The  composition  of  coal  gas  varies  somewhat  in  different 
towns.  But  a  pound  of  London  gas  will  raise  a  pound  of  water 
22,500^  Fahr.,  so  that  it  will  be  1*55  times  more  effective  than  coal 
in  the  generation  of  heat.  The  volume  of  a  pound  of  this  gas 
at  the  atmospheric  pressure  and  at  60^  Fahr.  will  be  about  35 i 
cubic  feet.  As  the .  dynamical  value  of  the  heat  which  raises  a 
pound  of  water  1°  Fahr.  is  772  foot-pounds,  the  dynamical  value  of 
the  heat  which  raises  a  pound  of  water  22,500°  Fahr.  will  be 
I7o7o»^^oo  foot-pounds.  A  horse-power  is  33,000  pounds  raised 
one  foot  high  per  minute,  or  1,980,000  foot-pounds  expended  per 


528 


Air  and  Gas  Engines. 


hour.  If  the  whole  heat  of  a  pound  or  35^  cubic  feet  of  gas  burnt 
per  hour  were  turned  into  mechanical  effect  the  power  generated 
would  be  equal  to  8 '8  horses,  or  i  horse-power  would  be  produced 
by  an  expenditure  of  4  cubic  feet  of  gas  per  hour.  But  no  result 
has  been  yet  attained  which  comes  near  this. 

Q,  Then  state  what  result  has  been  actually  attained  ? 

A,  The  engines  of  Lenoir  and  Hugon  were  experimentally  tested 
by  Tresca,  who  found  that  the  actual  amount  of  gas  required  per 
hour  to  generate  i  horse-power  was  in  the  Lenoir  engine  140  cubic 
feet,  and  in  the  Hugon  engine  85  cubic  feet.  Indicator  diagrams 
taken  from  the  Lenoir  engine  are  given  in  figs.  206  and  207.   These 


Fig.  906.— Diagram  from  Lenoir's  Gas  Engine.    Cylinder  8|  inche«  diameter 

and  16 j  inches  stroke  ;  50  revolutions.    Scale  z  iiM:b=3a  lbs. 


Fig.  ao7. — Diagram  from  Lenoir's  Gas  Engine.     Cylinder  8|  inches  diameter 
and  i6f  inches  stroke ;  45  revolutions.     Scale  i  inch=3a  lbs. 

diagrams  show  several  things.  One  is,  that  notwithstanding  the 
large  loss  of  heat  through  the  sides  of  the  cylinder  from  the  use  of 
the  water  jacket,  the  pressure  is  nevertheless  maintained  in  much 
the  same  way  as  if  there  were  no  such  loss,  which  is  accounted 
for  by  the  dissociation  which  takes  place  at  high  temperatures 
and  the  recombination  which  takes  place  when  the  temperature  is 
reduced.  The  gas  engine  differs  from  the  air  engine  in  this  respect, 
that  in  the  air  engine  any  heat  lost  through  the  sides  of  the  cylinder 
involves  a  corresponding  loss  of  temperature  within  it,  whereas  in 
the  case  of  the  gas  engine  any  reduction  of  temperature  fro^n 
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this  cause  or  from  expansion  is  followed  by  the  recombination  of 
gases  within  the  cylinder  which  had  been  dissociated  by  the  high 
temperature  of  the  explosion.  By  this  recombination  additional 
heat  is  generated,  and  so  the  temperature  is  kept  up  in  much  the 
same  way  as  if  no  loss  from  the  action  of  the  water-jacket  had 
occurred.  A  serious  loss  from  this  cause  nevertheless  takes  place, 
amounting,  it  is  reckoned,  to  51  per  cent,  of  the  whole  heat 
generated,  but  it  does  not  reveal  itself  in  the  diagrams.  The 
dotted  lines  are  the  adiabatic  lines,  or  lines  which  would  be  traced 
if  there  were  no  leakage  of  heat  through  the  cylinder  sides,  and  the 
full  lines  arc  the  actual  diagrams.  In  Lenoir's  engine  the  maximum 
temperature  of  ignition  was  1,356°  Centigrade,  or  2420*8°  Fahr.,  and 
it  has  hence  been  concluded  that  the  combustible  mixture  used 
must  have  consisted  of  i  volume  of  gas  and  14  of  air.  But  thib 
conclusion  does  not  rest  on  any  sufficient  evidence,  as  it  is  nut 
known  what  proportion  of  the  gas  was  actually  burnt.  In  the 
early  examples  of  Lenoir's  engine,  the  best  proportions  of  the 
explosive  mixture  were  found  to  be  one  volume  of  gas  to  eight  of 
air.  The  pressure  at  the  moment  of  explosion  should,  with  these 
proportions,  be  about  five  atmospheres.  But  the  maximum  pres- 
sure shown  on  the  diagrams  is  not  more  than  half  this.  From 
these  and  other  indications  it  is  clear  that  theie  is  some  serious 
source  of  loss  in  this  engine  other  than  from  the  jacket,  and  the 
probability  is  that,  either  from  dissociation  or  imperfect  admixture, 
a  considerable  proportion  of  the  gas  is  dismissed  unburnt. 

(J.  The  distance  between  the  short  vertical  lines  in  the  diagrams 
at  the  end  of  the  horizontal  atmospheric  lines  of  course  represents 
the  length  of  the  stroke.  In  the  first  diagram  the  explosive 
mixture,  which  begins  to  enter  at  the  beginning  of  the  stroke, 
appears  to  be  cut  off  at  half-stroke,  and  in  the  second  diagram  a 
little  earlier,  at  which  point  the  explosion  takes  place.  May  not 
loss  also  occur  from  the  explosion  being  unduly  delayed  ? 

A.  It  may  ;  and  in  fig.  207  it  will  be  observed  some  ignitions 
took  place  ver>'  late  in  the  stroke,  and  the  benelit  of  them  was  there- 
fore nearly  all  lost.  These  misses  were  caused  by  the  points  through 
which  the  igniting  electric  spark  was  transmitted  getting  wet.  It 
appears  that  the  time  occupied  by  the  explosion  was  about  one- 
twentieth  of  a  second.  But  the  rate  will  be  slower  with  a  mixture 
more  diluted  with  air,  or  with  the  air  and  gas  less  intimately 
mixed. 

(2-  In  the  case  of  gunpowder  of  uniform  chemical  composition, 
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may  not  the  rate  of  explosion  be  made  faster  or  slower  by  asnitable 
mechanical  disposition  of  the  particles  ? 

A.  \\.  may. 

Q.  And  in  an  explosive  gas-mixture  a  similar  effect  may  be 
produced  by  similar  means  ? 

A.  Yes, 
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Percentage  of  Stroke. 
Fifi.  3o8.— Indicator  diagram  of  Otto  and  Langen's  Frec-ptston  Gas  Engine. 

(J.  What  is  the  ascertained  performance  of  the  Otto  engine? 

A.  Otto  and  Langen's  free-piston  gas  engine,  in  which  a  piston 
ia  shot  up  against  the  force  of  gravity  like  a  ball  projected  from  * 
gun,  producing  a  vacuum  behind  it  from  which  power  is  obtained, 
has  been  already  represented  in  fig.  177,  and  in  fig.  308  an  indicator 
diagram  of  this  engine  is  given,  fe  represents  the  atmospheric  line, 
and  from /to  a  a  mixture  of  gas  and  air  at  atmospheric  pressure 
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is  allowed  to  enter  the  cylinder.  At  a  the  mixture  is  ignited  and 
tlie  piston  is  propelled  to  c,  ai  which  point  the  pressure  has  fallen 
to  that  of  the  atmosphere.  From  c  the  piston  moves  to  e  with 
diminishing  velocit)',  and  thence  returns,  doing  work  represented 
in  amount  by  the  \acuum  generated  by  the  explosion  acting  on  the 
area  of  piston,  and  by  the  weight  of  the  piston  and  rack  which  have 
been  shot  up  and  now  return.  The  vacuum  power  is  represented 
in  the  diagram  by  the  area  dee.  In  this  engine  the  explosive 
mixture  consisted  of  one  volume  of  coal  gas  and  nine  of  air,  and  a 
horse-power  was  generated  by  the  expenditure  of  35  cubic  feet  of 
gas  in  the  hour. 

Q.  Has  no  result  belter  than  thb  jet  been  attained  f 
A.  The  results  which  are  said  to  be  better  arc  not  ver>-  clearly 
autlienticated.     In  iSSz  a  paper  was  read  by  D.  Cleric  before  tlie 
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inof  Civil  Engineers,  descriptive  of  his  gas  engine,  fig.  igj, 
in  which  it  is  stated  (hat  a  horse-power  has  been  obtained  in  this 
engine  with  a  consumption  of  32  cubic  feet  of  gas  per  hour,  and  the 
Otto  engine,  fig.  17S,  issaid  to  have  attained  the  same  result  with  21 
cubic  feet  per  hour.  A  diagram  taken  from  Clerk's  engine  is  gii'en 
in  fig.  209.  The  diameter  of  cylinder  was  6  inches,  length  of  stroke 
12  inches,  and  number  of  revolutions  per  minute  150.  The  mean 
available  pressure  was  701  lbs,,  and  the  power  generated  9  indi- 
cated horses-power.  The  pressure  of  (he  mixture  of  air  and  gas 
before  ignition  was  41  lbs.  Its  temperature  before  compression 
was  60°  Fahr.,  and  after  compression  270-9°  Fahr.  The  temperature 
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of  the  explosion  was  2,766-6'^  Fahr.  and  the  maximum  pressure 
produced  by  the  explosion  220  lbs.  The  temperature  of  tkc  exhaust 
was  1,176  8°  Fahr.  The  lower  dotted  line  in  the  diagram  shows 
compression  without  loss  of  heat  to  the  same  volume  that  exists  in 
clearance  space,  and  the  upper  dotted  line  shows  the  work  done 
by  air  heated  to  2;766*6^  Fahr.,  supposing  it  to  lose  no  heat  during 
expansion  except  by  doing  work.  The  near  coincidence  of  this  line 
with  the  actual  line  of  the  diagram  shows  that  the  large  loss  of 
heat  through  the  cylinder  sides  has  been  compensated  by  the 
importation  of  heat  from  some  other  source,  and  the  only  con- 
ceivable source  is  either  the  gradual  burning  of  gas  not  burr-t 
by  the  explosion   or  the   recombination  of  gases   dissociated  <"r 


Fig.  210.— Diagram  from  an  Otto  Enj^iiic,  showing  that  the  speed  of  the  piston  may 

overtake  the  spread  of  the  Hume. 

prevented  from  combining  by  the  high  temperature  of  the  explosi«>n. 
Probably  h  oth  of  these  causes  are  operative  to  some  extent. 

Q.  In  the  case  of  slov  ignitions  in  engines  working  at  a  hi;:*' 
speed,  may  not  the  speed  of  the  piston  overrun  the  speed  of  tb'^ 
ignition  ? 

A.  Yes  :  and  this  sometimes  happens  as  is  shown  by  tig.  2'^'. 
which  is  a  diagram  taken  from  an  Otto  engine,  where  a  shows tl'' 
line  of  rapid  ignition  where  the  point  of  maximum  pressure  i- 
reached  at,  or  close  to,  the  beginning  of  the  stroke.     The  line  '' 
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shows  that  the  piston  has  moved  a  little  way  before  the  maximum 
pressure  has  been  attained.  In  c  and  </ this  action  is  more  pro- 
nounced, and  it  is  easy  to  conceive  that,  by  a  still  further  postpone- 
ment of  the  combustion,  the  maximum  pressure  of  the  explosion 
would  occur  after  the  termination  of  the  stroke  when  the  valve 
was  open  to  the  exhaust.  As  mechanical  agitation  accelerates 
mixture  and  combination,  so  the  want  of  such  agitation  will  retard 
them,  as  also  will  a  large  admixture  of  air  with  the  gas,  whereby 
its  readiness  to  inflame  will  be  diminished.  In  all  hydrocarbon 
engines  operating  by  explosion,  it  is  desirable  that  such  explosion 
should  take  place  early  in  the  stroke,  as  thus  alone  can  efficient 
action  be  obtained. 

(2-  What  dynamical  result  is  obtained  from  engines  worked  by 
petroleum  or  other  liquid  hydrocarbons  ? 

A,  The  heating  power  of  the  mineral  oils  is  very  nearly  the 
same  as  gas,  and  the  efficacy  of  petroleum  engines  should  therefore 
be  about  the  same  as  that  of  gas  engines.  If  in  a  gas  engine  ore 
horse-power  can  be  produced  by  the  combustion  of  21  or  22  cubic 
feet  of  gas  m  the  hour  =  -6  lb.  of  gas,  then,  gas  or  petroleum  being 
about  I '55  times  more  efficient  than  coal,  we  should  have  a  horse- 
power produced  by  the  equivalent  of  about  i  lb.  of  coal  per  hour, 
This  is  considerably  less  than  the  consumption  in  any  steam 
engine  ;  but  it  requires  authentication.  There  is  no  doubt,  how- 
ever, that  by  the  introduction  of  improvements  which  will  obviate 
losses  from  known  causes  the  existing  economy  will  be  largely 
augmented. 

(2-  May  not  much  of  the  loss  arising  from  the  water-jacket  be 
obviated  by  using  a  hot  cylinder  lined  with  some  refractor)' 
material  ? 

A.  No  doubt ;  but  you  would  thus  only  transfer  the  loss  to  the 
exhaust.  You  would  not  with  any  manageable  dimensions  for 
expansion  be  able  to  gel  the  heat  out  of  the  air. 

Q.  \xi  conjunction  with  a  hot  cylinder  you  could  use  a  re- 
generator to  recover  the  heat  which  the  exhaust  dismisses  .'* 

A,  That  is  true ;  but  what  use  are  you  to  make  of  the  heat 
thus  recovered  ?  To  increase  the  temperature  of  the  air  by  which 
the  combustion  of  the  gas  or  petroleum  is  accomplished  is  tanta- 
mount to  increasing  the  temperature  of  the  combustion  itself,  and 
that  is  already  so  high  as  to  prevent  combination  to  a  considerable 
extent  until  the  temperature  has  be«n  reduced. 

^.  If  petroleum  engines  can  be  made  as  efficient  and  econo- 
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mical  as  gas  engines,  how  comes  it  that  they  have  not  been  brought 
into  more  extended  use  ? 

A.  One  difficulty  has  arisen  from  the  circumstance  that  mineral 
oils  are  not  quite  homogeneous,  but  consist  of  a  mixture  of  diflferent 
oils  of  different  degrees  of  volatility.  In  the  oil  fed  into  the  combus- 
tion chamber,  therefore,  the  more  volatile  parts  have  been  vaporised 
and  burnt,  while  the  less  volatile  parts  have  accumulated  as  a 
dense  oil  in  the  engine.  The  same  difficulty  has  been  experienced 
in  the  forms  of  apparatus  for  generating  illuminating  gas  from 
mineral  oils  by  carburising  air. 
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F«g.  »i  I  -  Diagram  from  Cylinder  of  Brayton's  Petroleum  Engine.    Diameter  of 
cylinder  8  inches  ;  stroke  12  inches  ;  mean  prcskurc  30*2  ibft. 
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Fig.  2ia.— Diagram  from  the  Air-compressing  Pump  of  Bra3rton's  Petrolenm  Engiac. 
Diameter  of  pump  8  inches  ;  stroke  6  inches  ;  pressure  in  reser\-otr  60  lbs. 

Q.  What  have  been  the  results  obtained  by  Brayton's  petroleum 
engine  of  which  a  representation  is  given  in  fig.  179.? 

A.  Diagrams  from  the  cylinder  and  compressing-pump  of 
Brayton's  engine  taken  by  Clerk  are  given  in  figs.  211  and  212,  by 
which  it  will  be  seen  that  the  maximum  pressure  in  the  c>-linder  i> 
47  lbs.,  and  the  maximum  pressure  in  the  pump  66  lbs.  This  is  a 
continuous  combustion  engine.  The  air  and  petroleum  are  fed  by 
separate  pumps  into  a  close  vessel,  where  combustion  takes  place, 
and  the  engine  is  worked  by  the  products  of  this  combustion.  The 
mean  pressure  on  the  piston  is  30*2  lbs.,  and  the  mean  resistance  n( 
the  pump  27-6  lbs.  per  square  inch.    But  as  in  this  engine  the 
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stroke  of  the  piston  is  twice  that  of  the  pump,  the  effective 
resistance  of  the  pump  will  be  reduced  to  13*8  lbs.  per  square 
inch.  In  the  engine  shown  in  fig.  179  the  cylinder  and  pump 
have  the  same  stroke,  but  different  diameters.  It  is  clear  that  for 
all  purposes  of  locomotion  the  gas  engine  is  not  applicable,  and 
a  petroleum  engine,  therefore,  if  made  to  operate  with  equal  efficacy, 
has  a  large  and  special  sphere. 

Q,  The  Brayton  engine  is  a  continuous  combustion  engine,  and 
the  Lenoir,  Otto,  and  most  other  gas  engines  are  explosion  engines? 

A.  Yes. 

Q'  What  are  the  comparative  merits  of  the  two  systems  ? 

A,  The  continuous  combustion  engine  is  more  steady  and 
equable  in  its  motion,  and  it  does  not  require  to  be  made  so  strong 
to  generate  a  given  power  as  an  engine  which  has  a  high  momentaiy 
pressure,  and  then  subsides  to  a  low  pressure.  It  is  contended,  on 
the  other  hand,  that  the  loss  of  heat  through  the  water-jacket  must  be 
greater  in  an  engine  which  has  to  maintain  the  temperature  of 
combustion  throughout  the  stroke  than  in  an  engine  where  the 
combustion  is  only  momentary,  and  where,  therefore,  the  average 
temperature  within  the  cylinder  will  not  be  so  high.  There  does 
not,  however,  seem  to  be  much  in  this  contention.  The  same 
quantity  of  heat  has  to  be  generated  in  either  case,  and  if  it  be  the 
fact  that  in  explosive  engines  there  is  dissociation  and  afterwards 
recombination  within  the  cylinder,  there  will  be  combustion 
throughout  the  stroke  in  either  case,  though  in  explosion  engines 
there  will  be  a  greater  inequality  of  temperature  at  different  parts 
of  the  stroke. 

Q,  Then  the  dynamical  efficacy  of  the  two  systems  may  be 
reckoned  as  about  equal  } 

A.  Yes ;  and  the  dynamical  efficacy  of  equal  weights  of 
petroleum  and  coal  gas  may  also  be  reckoned  as  about  equal, 
or,  in  other  words,  one  pound  of  petroleum  properly  applied  will 
generate  about  as  much  heat— and,  therefore,  as  much  power — as 
35 i  cubic  feet  of  coal  gas. 

Q,  Will  you  give  an  example  of  the  manner  of  computing  the 
duty  of  an  explosive  gas  engine  } 

A.  For  this  purpose  I  will  take  the  engine  of  which  the  diagram 
is  given  in  fig.  209.  A  cubic  foot  of  air  at  constant  volume  heated 
from  the  temperature  of  compression,  2709°  Fahr.,  to  2,7666^  Fahr., 
the  temperature  of  explosion,  requires  an  accession  of  heat  equal  to 
24,416  foot-lbs.      The  maximum  pressure  is  220  lbs.,  the  mean 
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pressure  89-8  lbs.,  and  the  terminal  pressure  49  lbs.  per  square 
inch.  The  temperature  at  the  end  of  the  stroke  is  171 5*4'*  Fahr. 
With  these  elements  the  work  done  by  the  piston  should  be  equal 
to  7,888  foot-lbs.  per  cubic  foot  of  combustible  mixture.  By  a 
reference  to  the  diagram  and  other  data,  it  appea»^  to  have  been 
6,851  foot-lbs.,  as  experimentally  determined.  But  the  proportion 
of  gas  present  in  a  cubic  foot  of  the  explosive  mixture  is  equal  to 
38,430  foot-lbs.,  of  which  only  6,851  have  been  expended  in  useful 
work.  11,253  foot-lbs.  are  lost  through  the  exhaust,  and  the 
balance  of  20,326  foot-lbs.  has  otherwise  disappeared.  Of  this 
the  greater  part,  or  52*89  per  cent.,  is  supposed  to  be  lost  through 
the  water-jacket.  But  a  part  is  no  doubt  lost  from  the  non-com- 
l)ustion  of  a  portion  of  the  inflammable  gas.  This  computation 
proceeds  on  the  supposition  that  in  a  gas  engine  only  as  much  gas 
is  used  to  heat  the  mixture  to  the  temperature  of  the  explosion  as 
should  be  theoretically  sufficient ;  but,  in  point  of  fact,  a  consider- 
ably larger  quantity  of  gas  is  required. 

Q.  What  is  the  best  maximum  pressure  in  gas  engines  } 

A,  So  far  as  theory  is  concerned,  the  higher  the  pressure  in  all 
engines  the  better  the  result  which  will  be  obtained.  The  question 
is  one  merely  of  prudence  and  safety.  In  some  of  Stirling's  air 
engines  the  motive  air  has  had  a  pressure  of  1000  lbs.  per  square 
inch. 

<2-  Do  you  concur  in  the  doctrine  propounded  at  the  Institution 
of  Civil  Engineers  in  1882  by  Sir  C.  W.  Siemens,  in  regard  to  the 
structure  of  the  gas  engine  of  the  future,  to  the  effect  that  it  would 
be  an  engine  with  a  hot  cylinder  and  with  a  regenerator  ? 

A.  No,  I  do  not.  A  regenerator  is  too  cumbrous  an  apparatus 
to  be  an  acceptable  addition  ;  and  a  hot  c^'linder,  if  used  without  a 
regenerator,  would  dismiss  the  air  at  a  wasteful  temperature,  and 
would  not  conduce  to  economy.  The  line  of  advance  must  be  in  a 
totally  different  direction,  and  the  innovation  when  it  comes  ^"ill 
astonish  by  its  obviousness  and  simplicity. 
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Q.  HavinjT  now  discussed  the  most  important  topics  connected 
with  the  structure  and  operation  of  steam,  air,  and  gas  engines,  it 
will  be  useful  to  recapitulate  a  few  of  the  most  prominent  engineer- 
ing data  which  require  to  be  at  hand  in  the  performance  of  en- 
gineering calculations  and  in  determining  the  most  eligible  forms 
of  structure  in  the  case  of  new  machines.  And  first  let  me  ask 
you  what  are  the  respective  evaporative  powers  of  different  fuels  io 
practice  } 

A.  A  pound  of  coal  will  evaporate  9  lbs.  of  water  in  ordinary 
boilers,  and  a  pound  of  coke  will  evaporate  about  the  same.  Slack 
and  dry  oak  have  about  half  the  evaporating  power  of  coal, 
and  ordinary'  pine  a  little  over  one-fourth.  To  evaporate  a  cubic 
foot  per  hour,  there  should  be  about  9  square  feet  of  heating 
surface  in  land  and  marine  boilers,  and  about  6  square  feet  in 
locomotives. 

Q.  How  do  you  detemiine  the  quantity  of  water  which  will  be 
sent  into  a  boiler  by  an  injector  ? 

A.  Multiply  the  diameter  of  the  throat  of  the  injector  by  64, 
and  square  the  product,  which  multiply  by  the  square  root  of  the 
pressure  of  the  steam  in  atmospheres.  The  result  is  the  gallons  of 
water  injected  per  hour. 

2.  In  casting  iron,  what  allowance  should  be  made  for  shrink- 
age? 

A.  That  depends  on  the  nature  of  the  article.  In  pipes  it  is 
about  ^th  of  an  inch  to  the  foot,  but  in  girders  and  thick  castings 
it  is  somewhat  less.  In  thin  brass  castings  it  is  about  ^th  tc 
9  inches.  Cylinders  reduce  somewhat  in  diameter  from  contraction, 
and  rather  more  at  the  bottom  than  the  top  if  the  bottom  be 
cast  on. 
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Q.  What  is  the  proper  composition  for  rust  joints  ? 

A.  200  parts  of  iron  borings,  2  of  sal  anunoniac,  and  i  of  flowers 
of  sulphur.     But  rust  joints  are  now  seldom  made. 

Q.  How  is  case-hardening  by  prussiate  of  potash  accom- 
plished ? 

A,  Polish  the  articles  and  heat  them  to  a  bright  red.  Then 
rub  the  surfaces  over  with  the  salt,  allow  them  to  cool  to  a  dull 
red,  and  immerse  in  water. 

Q.  Can  glue  be  made  so  as  to  resist  moisture  ? 

A.  Yes  ;  such  glue  will  be  got  by  dissolving  i  lb.  of  cake  glue  in 
2  quarts  of  skimmed  milk. 

Q,  What  is  the  composition  of  mortar  and  cement  ? 

A,  Mortar  is  composed  of  i  part  lime  to  3  or  3 J  of  river  sand 
Hydraulic  mortar  is  composed  of  i  part  of  blue  lias  lime  and  z\ 
parts  of  burnt  clay,  ground  together.  Concrete  is  made  with  i  par 
of  lime  to  4  of  gravel  and  2  of  sand. 

Q.  In  warming  a  building  by  steam,  what  hea  ing  surface  of 
pipe  should  be  allowed  t 

A.  About  a  square  foot  for  every  six  square  feet  of  window ; 
and  to  permit  good  ventilation  this  quantity  should  be  aboui 
doubled.  Each  person  requires  about  4  cubic  feet  of  air  per 
minute. 

Q.  What  is  the  resistance  of  railway  trains  ? 

A,  On  straight  lines,  in  good  order,  he  resistances  at  10,  15,  :o 
30,  4c,  50,  60,  and  70  miles  per  hour  is  about  8,  9,  10,  13,  17,  c:, 
29,  and  36  lbs.  per  ton  of  train  respectively. 

Q,  What  is  the  quantity  of  gas  required  to  maintain  lijjhts? 

A,  About  4  cubic  feet  per  hour  for  indoor,  and  5  for  outdoor 
lights,  the  pressure  being  about  i  inch  of  water.  A  retort  will 
generate  about  3,000  cubic  feet  of  gas  in  the  24  hours. 

Q.  What  quantity  of  gas  per  hour  will  a  given  pipe  transmit .' 

A,  That  depends  not  only  on  its  diameter,  but  also  on  it> 
length.  If  1,350  times  the  square  of  the  diameter  be  multiplied  by 
the  square  root  of  the  diameter  divided  by  '42  times  the  length  in 
yards,  the  product  will  be  the  number  of  cubic  feet  of  gas  delivereil 
per  hour. 

Q.  What  are  the  relative  efficacies  of  different  hydraui:i 
motors  ? 

A.  Taking  the  whole  theoretical  power  of  the  water  as  i,  ih< 
efhcacy  of  an  ordinary  undershot  wheel  will  be  •3$,  of  Poncelets 
undershot  60,  of  the  breast  wheel  "55  to  60,  of  an  overshot  whcd 
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•70  to  80,  of  a  turbine  70,  hydraulic  ram  -60,  and  of  a  water  pres- 
sure engine  'So. 

g.  In  windmills,  should  the  velocity  of  the  tips  of  the  rotating 
sails  be  greater  than  that  of  the  wind  ? 

A.  Yes  ;  it  should  be  about  2^  times  greater.  But  windmills 
have  now  fallen  into  disuse,  as  small  engines  are  found  to  do  the 
work  better. 


IMPERIAL  TBOT  WEIGHT. 


[Sra'Qt. 

dwts. 

24 

■3 

1 

oz. 

480 

■3 

20 

■■ 

I 

lb. 

5760 

a 

240 

« 

12 

a 

1 

One  cubic  inch  ofdittilled  wAter  at  G20  Fahrenheit,  the  barometer  being  at  30 
inches,  weighs  252*458  troy  grains.  Troy  weight  means  London  weight,  and  is 
so  called  from  the  legend  that  London  was  founded  by  fufritives  from  'ttvy.  It 
IS  chiefly  used  in  weighing  the  precious  metals,  and  for  philosophical  pnrpoeeiw 

AFOmECARIES*  WBIOin^ 


Craint. 

•crupla 

20 

■B 

1 

dram. 

60 

IS 

3 

1 

OS. 

480 

H 

24 

8 

M 

1 

lb, 

57G0 

« 

288 

96 

a 

12        - 

1 

The  weight  of  the  ounce  and  the  pound  in  apothecaries'  weight  are  the  same 
as  in  troy  weight.  Medicines  are  compounded  by  this  weight,  but  drugs  are 
bcught  and  sold  by  avoirdupois  weight. 


IMPKIUAL  AVOIKDUPOIS  WEIGHT. 


Drxfnt. 

OS. 

16 

SB 

1 

lb. 

2.)6 

a 

16 

M 

1 

qr> 

7168 

a 

448 

a 

28 

-       1 

cwt 

28672 

a 

17'JJ 

S3 

112 

-      4 

a 

1 

ton. 

57844U 

B 

35»40 

• 

2240 

-    80 

■B 

20 

«       1 

The  SToirdupois  weight  is  that  used  in  engineering  eomputations,  and  for  the 
creneral  purpofieH  of  commerce.  It  was  first  introduced  in  the  time  of  Henry  VIII. 
for  weighing  butchers*  meat ;  but  it  has  grailually  superseded  all  other  weightA 
for  commercial  pur|>o8es.  The  recognition  of  two  different  standards  of  weight 
with  the  same  denominations  of  an  ounce  and  pound,  but  weighing  difl(erent 
qiumtities,  is  a  serious  inconvenience  and  anomaly,  and  in  practice  it  leads  to 
»uuch  confusion  and  misconception,    llie  avoirdupois  pound  is  greater  than 
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the  troy  pound  in  the  proportion  of  175  to  144,  bat  the  ounce  avoirduiiois* is 
Miialler*  than  the  trov  ounce  in  the  proportion  of  437^  to  480.  The  dram  in 
:i|)uthecaries*  weif^ht  u  60  fsrains^  while  tne  dram  in  avuirdupoi:!  weight  is  27*^ 
grains.    lUie  avoirdapoid  pound  is  7,000  troy  grains. 


MEASURES  07  LENGTH. 

The  unit  of  measure  of  the  English  linear  system  is  the  standard  yard,  which 
is  divided  into  three  feet,  and  each  foot  is  sul)divirleil  into  twelve  inrhes.  The 
oldest  standard  yard  now  in  existence  was  constructed  in  the  reign  of  Henry 
VII ;  but  the  standard  yard  usually  referred  to  up  to  1824  was  a  mea.^ure  of  rude 
consiructionf  dating  from  the  reign  of  Elizabeth.  The  multiples  of  the  yard  are 
the  pole  or  perch,  the  furlong  and  tlie  mile;  but  the  fMile  and  furlnn;;  are  now 
little  used.  The  relations  of  these  several  quantities  are  sIkiwu  in  the  fullowin*; 
table: — 


hicli»'S. 

Feet. 

Yard.. 

role 

FurlongK 

Miles. 

1 
12 

d«; 

198 

7920 

€3,360 

0-083 
1 
3 
lG-6 

52M0 

0028 
0-3J3 
1 

6-5 
220 
17C0 

O00.i05 
0-(M;nCO 
0-1818 
I 
40 
82C 

000012<;26 

0-001O1515 

0004545 

0-026 

1 

8 

0-0000157?28 
0-0O01M939 

0-000:)i;hi8 

0-003125 

0125 

1 

MRA8URR8  OP  8URFAOB. 


For  measuring  the  area  of  any  surface  the  square  yard  is  subdividen  mto 
square  feet  and  square  inches — 144  stjuare  inches  being  equal  to  a  squ.ire  fiiot, 
uuii  9  square  feet  to  a  square  yard:  80^  square  yards  are  equal  to  u  square  |«>le, 
4{)  square  poles  to  a  ruud,  and  4  roods  to  an  acre,  as  sluiwn  more  fully  in  th«  ful' 
lowing  table : — 


Square  Feet. 

Sqiuiru  Yards. 

Square  Poles. 

Roudt. 

Acres. 

1 

9 

272-25 

lO^lX) 
435ti0 

0-1111 

1 
30-26 
1210 
4810 

0-00367309 
00830579 
1 
40 
100 

0-n»>0091827 
0000826448 
0  026 

1 
4 

0-000022957 
0-O00206612 
0-O0G2O 
0-25 

1 

Very  large  surfaces,  as  the  areas  of  countries,  are  expressed  usuallv  in  sqaare 
miles. 


MKABUUl-IS  OF  CVPACITY. 


Solids  are  measured  by  cubic  yards,  feet,  and  inches — 1728  cubic  inches  makin/; 
a  cubic  foot,  aiut  27  cubic  feet  being  a  cubic  yard.  For  liquids,  com,  and  other 
commodities  susceptible  of  such  measurement,  the  standard  measure  li  the  im* 
|)erial  gallon,  which  contains  277-274  cubic  inches.  A  gallon  of  water  at  the 
temperature  of  62  degrees,  and  with  the  barometer  standing  at  SO  inches  weigh" 
lUlbs.  avoirdupolR,  and  a  cubic  inch  of  water  weighs  252-458  grains.  The  partt 
of  a  gallon  are  quarts  and  pints,  2  pints  being  1  ouart,  and  4  quarts  1  gallon. 
I'he  multiples  of  the  gaWon  at^  Ibe  ^k,  the  bushel,  and  the  quarter— the  peili 
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bein;;  2  gallomi,  the  bushel  4  reck;*,  and  the  quarter  8  bushels.    These  relation!! 
are  .>howQ  in  the  ftiUowiiig  table : — 


Piiiu. 

Quarts. 

Gallons. 

0  06-25 

BusheU. 

Quarteri. 

1 

0*5 

0-125 

0-M15625 

0-001953125 

2 

1 

0-25 

0125 

0-03125 

0-008t»06-25 

8 

4 

1 

e-6 

0-125 

0  015625 

1(> 

8 

2 

1 

0-25 

0  3125 

64 

32 

8 

4 

1 

0-125 

512 

256 

64 

32 

8 

1 

In  1«  70.  Mouton,of  Lv(»n?<,  proposed  that  the  circumference  of  the  earth  should 
!».•  (iividod  into  6iiO,0()0  parts,  e..«ch  of  which  should  con!«titutu  a  new getmietrical 
foot  \vhich  vroiild  be  the  basis  of  a  metrical  system,  uiid  he  remarket!  that  a  pen- 
dulum of  this  length  would  make  395!)|th  vibrations  in  half  an  hour,  lliiygens 
suggested  the  length  of  the  seconds  peiidulum  as  a  unit  of  length ;  and  Coiida- 
niine  su;rge.Hted  that  the  unit  should  be  the  length  of  a  pendulum  vibrating 
seconds  at  the  equator.  No  attempt,  however,  was  made  in  practice  to  intro<lu(*e 
a  natural  system,  until  the  occurrence  of  the  French  revolution,  when  the  present 
«*cientific  system  of  weights  and  measures  adopted  in  that  country  was  first  intro- 
<hic('d.  The  basis  of  this  system  is  the  niHre,  which  is  a  ten  millionth  part  of  the 
quadrant,  or  fourth  part  of  the  earth's  circumference.  This  length,  deduced  from 
tlie  great  trigonuinetrical  mejisurement  of  the  meridian  from  Dunkii  k  to  Barcelona, 
is  marked  by  two  very  line  lines,  drawn  at  the  t«'mpenit«ire  of  melting  ice,  on  a 
bar  of  platinum  preserved  in  the  archives  of  the  Aca«lviny  of  .Si'iences  at  Paris; 
and  by  a  careful  com|iarisiin  with  the  English  stundurd  yanl,  the  ieugth  of  the 
metre  is  found  to  be  39  37079  Knglish  inches. 


Tlie  unit  of  the  French  system  of  weights  is  the  gramme,  which  is  the  weight 
of  the  100th  part  of  a  cubic  mfetre  of  distilled  water,  at  the  point  of  its  maximum 
density,  or  89  degrees  Fahrenheit.  A  gramme  is  equal  t«»  15434  troy  grains. 
u\h\  a  kilogramme,  consisting  of  1000  grammes,  is  equal  to  15,434  troy  grains,  or 
2  lbs  3  oz.  and  4,428  drains  avoirdupois,  or  2*2048  lbs.  avoirdupois. 


FRENCH  WKiGirrs. 


Milligramme  .         ... 

Centigramme 

Decigramme 

Qramme 

Decagramme 

Hectogramme 

Kilogramme 

Myriagrammo 

Gram  met. 

Troy  Grains. 

•001 
•01 
•1 
1 
10 
100 
1000 
10,000 

•01543 
•15134 
1^.;4.34 
15-434 
154  34 
154:5-4 
15434 
154340 

In  Bx:arUmore's  Practical  Tables  a  gramme  is  put  down  as  equal  to  15-428 
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erains,  and  a  kilogramme  as  equal  to  2*2055  lbs.  avoirdupois.  Now,  as  there  are 
4  000  grains  in  a  pound  avoirdupois,  1  kilogramme  should  be  equal  to  15488*500 
grains ;  and  a  gramme,  being  ^^th  of  thi«,  should  SiO  15*438  grains.  In  Cresr*s 
Dictionary  the  gramme  is  set  down  as  15*483  grains.  In  Braude's  Dtctiooarr  it 
is  set  down  2A  15*434  grains ;  and  this  is  the  quantity  followed  in  the  above  table, 
which,  however,  does  not  quite  agree  ^vith  the  definitions  we  have  given  of  the 
length  of  the  m^tre,  and  of  tho  specific  gravity  of  water.  If  we  take  the  m^re 
at  89*370  inches,  a  tenth  of  a  m^tre  is  8**937  inches,  the  cube  of  which  is 
61*023877953  cubic  inches,  which  will  therefore  be,  by  this  computation,  the 
capacity  of  the  litre ;  or,  if  we  take  the  m^tre  at  39*371  inches,  the  capacity  of 
the  litre  will  be  61*025  cubic  inches.  A  cubic  inch  of  distilled  water  at  62° 
Fahr.  weighs  252-458  grains,  and  at  the  maximum  density  252*748  groini. 


FRENCH  MEASURES  OF  LENGTH. 


Millimetre 

Metres, 

English  Inches, 

0001 

0*03937 

Centimetre 

0*01 

0*39370 

Decimetre 

0*1 

8*93707 

Metre 

1 

39*87079 

Hectometre 

100 

3937079 

Kilometre 

luOO 

39370*79 

Myiiamelre 

10,000 

393707*9 

One  square  m^re  is  1*196  square  yards,  or  10*764  square  feet.   One  m^Tiamitre 
is  6*2138  miles. 


FRRNCH 

ME^VSURES  OF  SURFACE. 

Centiare  .    .    . 
«\PS      .     •     •     . 

Hectare  .    .    . 

Square  Mrtres. 

English  Measure. 

1 
100 

10,000 

1  are  «  119*6  square  yards,  or  8*95  perches, 

or  0*0247  acres. 
1  hectare  »  2*471143  acres. 

The  unit  of  solid  measure  is  the  stere  or  cube  of  the  m^tre,  which  is  equal  to 
85 -316^8  English  cubic  feet. 


FRENCH  MEASURES  OF  CAFACITT. 

Centilitre.    .    . 
Decilitre  .    .    . 
Litre  .... 

Decalitre.    .    . 
Hectolitre    .    . 
Kilolitre  .    .    . 

Litres. 

English  Measure. 

0*01 

01 

1 

10 

100 

1000 

A  litre  is  the  cube  of  one  tenth  part  of  a  m^tre 
1  litre  -  1*760773  pints,  or  0*2*200967  galloM, 

or  61*027  cubic  mches,  as  usually  reckoned ; 

or  more  correctlv  61*025  cubic  inches. 
1  decalitre  ->  2*201  gallons. 
1  hectolitre  —  22*01  gallons  or  2*7512  bushels. 
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1  French  line 
1  French  inch 
1  French  foot 
1  toise 
1  Irish  mile 
1  English  mile 


0*88815  inches. 
1*06578 
12-78 
76*68 
2240  yards. 
1760     „ 


n 


tt 


*i  geographical  mile,  or  knot  »  6101*333  feet. 
3  geographical  miles  =  1  league. 
7921  miles  ■»  diameter  of  the  earth. 
24856  miles  »  mean  circumference  of  the  earth. 
89*01326  inches  s  length  of  seconds  pendulum  at  the  equator. 
Wire  gauge,  No.  1  »  5-16ths  of  an  inch;  4  »  ^  ;  7  «  3-16th8 ;  11  »  l-8th; 
5  =  l-16th  ;  22  =-  l-32nd. 

TAULE  OK  MULTirLIEBS  FOR  TRANSFORMING  BRITISH   INTO  FRENCH  WEIolirS 

AND  MEASURES. 


To  change  Dritith 

into  French 

Multiply  hy 

Yards 

> 

> 

- 

to  mMres 

. 

. 

-    0*914379 

Miles  - 

. 

. 

te 

„  kilometres 

. 

- 

-     1*609306 

Acres  - 

. 

. 

. 

,t  hectares     - 

> 

. 

-    0-404667 

(iallons 

- 

- 

- 

f,  litres 

- 

. 

-    4*r)438H9 

Cubic  inches 

. 

. 

- 

If     ff            " 

_ 

- 

-    0-0 10386 

Bushels 

. 

- 

- 

f,  hectolitres 

• 

« 

-    0-363471 

QuoTi  era     - 

- 

- 

- 

»»         » 

- 

- 

-    •2*907769 

Troy  grains 
Troy  ix)uuUs 

» 

^ 

„ 

„  grammes   - 
„  kilognunmes 

^ 

~ 

-  0064792 

-  0*378202 

Avoirdupois  pounds 

- 

- 

n               $t 

m 

- 

-    0*463564 

Tochauge  Frei.cli 

Into  British 

Uultipljr  by 

MHres 

mt 

- 

• 

to  yards 

* 

. 

-     1*098689 

Kilom^tre^- 

m 

. 

- 

„  miles 

« 

. 

-    0-621386 

Hectares     - 

. 

- 

- 

„  acnia 

• 

« 

-    2-471169 

Litres 

. 

. 

- 

„  galloDs      - 

. 

. 

-     0-2*20100 

t» 

. 

. 

* 

M  cubic  inches 

- 

. 

-  61*0*28028 

Hectolitres - 

. 

- 

. 

„  bushels 

. 

. 

-     2-751*260 

»f 

- 

- 

m 

„  quarters    - 

* 

- 

.     0'343906 

Grammes    - 

- 

- 

• 

„  troy  grains 

- 

- 

-  16-434 

Kilogrammes 

- 

* 

- 

„  troy  pcmnds 

- 

m 

-    2-6790 

» 

- 

« 

. 

„  avoiMupois  pounds 

- 

-    2-204167 

The  value  of  a 

franc  is  9*69  pem 

»  Kng] 

lish. 

CONCRRNINQ  MEASURES  OP  CAPACITT. 

A  cubic  foot  =:  1728  cubic  inches ;  2200  cylindrical  inches ;  33,000  spherical 
ixscfaes ;  or  66,000  conical  inches. 
A  gallon  a  *27 7-274  cubic  inches. 
A  bushel  =  2218-192  cubic  inches. 


•  Th«  leDirth  of  tbff  Engliih  geographical  mile  is  very  Tariously  stated  bj  differrut  authors. 
In  Kelly'i  Universal  Cambist  it  is  stated  to  be  equal  to  30S^  yards;  whereas  in  Tate's 
Modern  Cambist  it  Is  suted  to  be  l-60th  part  of  a  degree  of  the  meridUo,  wliicli,  in  the  lati- 
tude  of  London,  reduced  to  the  level  or  the  sea,  is  computed  to  be  69*146  stntuie  miley, 
which  makes  the  geographical  mile  l'i!KI43  statute  miles,  or  2028-2768  yards,  or  60S4'S3  r«><>t. 
in  Weale's  Pocket-book  the  length  of  a  geographical  or  nautical  mile  is  set  down  as  0082*66 
feet ;  Haawell  makes  it  6075  feet :  Bowditch,  61*i0  fert ;  Mrs.  Somervllle,  In  her  Physical 
Geography, 6074-4  feet;  and  i he  French  Nauilcai  Almanac  makes  it  18A2-I83  m^res, or 
607e'83Hj^7  fee'.  The  mrasiirement  we  have  taken  is  that  given  by  Barlow,  and  adopted 
by  Boulton  and  Watt.    The  Admiralty  knot  Is  6060  feet. 
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A  French  tonne,  or  tonneaua220i*787  lbs.  avoirdupois » 1  cubic  xn^trc  cf 
vater.    1  lb.  -water  contains  27*7  cubic  inches,  or  0*016  cubic  ft. 
llie  old  wine  gallon  contained  231  cubic  inches. 
The  old  ale  gallon  contained  282  cubic  inch&<^. 
Tlie  old  corn  bushel  contained  21&0'42  cubic  niches. 
A  load  of  unhewn  timber  contains  40  cubic  feet, 
A  load  of  squared  timber  contains  50  cubic  feet. 
A  load  of  inch  boards  contains  GOO  square  feut. 
A  load  of  bricks  contains  500. 
A  load  of  lime  contains  32  bushels. 
A  load  of  sand  contains  36  bushels. 
A  bushel  of  wlieat  weighs  about  60  lbs. 
A  bushel  of  flour  weighs  about  56  lbs. 
A  bushel  of  oats  weighs  about  40  lbs. 
Area  of  a  circle  => diameter  squared  x  *7854. 
A  cubic  foot  of  water  weighs  62*4  lbs.  avoirdupois. 
A  cubic  inch  of  water  weighs  0  03617  lb.  avoirdupois. 
A  cubic  foot  of  water =6*25  imperial  gallons. 
1  cylindrical  inch  of  water = '02842  lb.  avoirdupois. 
1  cylindrical  foot  of  wat€raa49*l  lbs.  avoirdupois. 
1  cylindrical  foot  of  waters  5  imperial  gallons. 
1*8  cubic  foot  of  water  =  1  cwt. 
35*84  cubic  feet  of  water  =  1  ton. 
2*282  cylindrical  feet  of  water  =sl  cwt. 
45*64  cylindrical  feet  of  water  =  1  ton. 
11*2  imperial  gallons  of  waters  1  cwt. 
224  imperial  gallons  of  water  =3 1  ton. 

1  lb.  air  at  32^  measures  about  12^  cubic  feet  at  atmospheri«.<!  tension. 
A  gallon  of  water  weighs  10  lbs.  avoirdupois. 
Each  wtmosphere  of  14*7  lbs.  per  souare  inch =33-9  feet  of  water. 
Each  lb.  per  square  inch =27-7  incnes  of  water. 

l^ach  atmosphere  of  14*7  lbs.  per  square  inch =29*92  inches  of  mercury. 
Each  lb.  p'^r  square  inch =2*04  inches  of  mercury. 

MISCELLANEOUS  MULTIPLIERS. 


Length  of  an  arc  = 

Circum.  of  a  circle  = 

Aieaofdo.  = 

Diumeter  of  do.  = 
Side  of  an  equal  »»qnare  = 
Diameter  of  equal  circle  = 

Ellifise,  area  = 

Sphere,  turface  =» 

Sphere,  solidity  «= 

Sijuare  feet  = 

S(|uare  fe  t  = 

Cubic  feet  = 

Cubic  ynrds  = 

Cubic  yards  = 

English  miles  b 

English  acres  = 

Parabola,  area  b 

1  square  tout  = 
Cubic  inches  in  imp.  g.i).  =' 

Cubic  foot  ^ 


no.  ofdcsr.  x  rad.  x  *0 17^25. 

dia.  X  31416. 

dia.*  X  *785l. 

cir.  X  -31831. 

dia.  X  -SHtii. 

Varea  x  1-12^37. 

T.  jixis  X  C.  axis  x  '7851. 

dia.*  X  3  1416. 

dia.5  X  *5236. 

circular  inches  x  *00456. 

square  inches  x  'OOGSri. 

cubic  inches  x  '000 58. 

cubic  feet  x  *O3704. 

cylindiical  feet  x  -02909. 

Inieal  fl.  x  -00019,  or  lin«>al  yds.  x  OOOJi^ 

square  ynrds  x  *000-JG(l67. 

2-3rds  of  base  x  height. 

183*346  circular  incites. 

277*274 

G-232  imperial  gals. 
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xa  or 


I'-rU 

Docimals 

Parti 

Decimali 

ParC«  of 

•Q 

1 

Decimals 

of  an  inch.                j 

of  an  inc 

li. 

liicu. 



of  a  foul. 

^__ 

1 

*  &  ^i 

__ 

•6.iij;> 

•01041 

1 
* 

•  •  • 

•oG2;>     ' 

*&  .\ 

•  •  • 

•y6"2a 

i 

•0-2083 

i 

•  •  « 

•()«i.J7J 

*&  A 

•  ■  • 

'amTo 

i 

•08125 

i 

•  •  ■ 

•I-i;') 

i 

•  •• 

•tfio 

h 

•04106 

hSc,\ 

•  •  • 

•I  :>«•-»:» 

i  &  A 

■  •  • 

•6o«i:» 

» 

1 

•0521 

i  &  ^ 

•  •  • 

•1«7.'> 

i  a^  i',. 

•  •  • 

•6875 

if 

•0C25 

k  &  A 

•  •  • 

•2i«7:» 

i  &  A 

•  •• 

•71876 

•07*291 

\ 

•  •• 

•-•*        i 

i 

•  •  ■ 

•75 

1 

•088» 

i&  A 

•  •  • 

••jMi-i;> 

i  &  A 

•  •  • 

•78125 

2 

•16GG 

k  &  i'- 

•  •  • 

•312.» 

2  &  .•- 

•  •  • 

•8125 

H 

•25 

i  A  /i 

•  •  • 

''MM:t 

i  &  i\ 

•  •• 

•84;«75 

4 

•:i«)83 

j 

•  •  • 

'Mo 

t 

•  •• 

•875 

» 

a 

•41G(; 

i  &  A 

•  •  • 

•-HJtil'.'i 

:  &  A 

•  •• 

•y(KJ2:) 

6 

•5 

i  &  i'- 

•  •  • 

•4H7:» 

;  &  x\ 

•  •  • 

•»a75 

7 

•5«J3 

%  &  t\ 

•  •  • 

•4(>»7u 

■  •• 

•1H>»75 

8 

•C60G 

i, 

•  •• 

•o 

1  inch 

•  •• 

1-UOO 

9 

•75 

10 

•8388 

11 

•9166 

Tuma  or  m 

FUOM  THE   EXPKKIMKNTS  OK   M.   KkGNAILT. 


Total 
pt»riarr 


liii  h.     I 


•'oliiiii*. 


Tempers 
lure. 


Total  H«M. 


U'cteht 
Uncl.uMi 


F.M(. 


15 

n; 

17 
18 

ly 

20 
21 
22 
2:{ 
21 
2.'» 
•J'i 
27 
28 
29 

;io 
;Ji 
;;2 

:u 
u5 


ii>(;9 

1572 

I4K7 

1410 

IH42 

128(» 

1224 

1172 

1125 

1082 

1U42 

HXI5 

971 

989 

909 

HMI 

855 

880 

807 

785 

765 


Fahr. 

2 1 8*1 

216-3 

219-5 

222-5 

225-4 

228-0 

280-6 

28  J- 1 

28.V5 

•287-9 

240-2 

212-8 

•244-4 

2I6-4 

24M-4 

250-4 

■*.*»2*2 

254^I 

255-9 

257-6 

259-3 


Fo/tr. 
1 178*9 
1179-9 
1J«<0*9 
1181-H 
llH-2-7 
1188-5 
11H4-8 
1185-0 
11M5-7 
1 186-5 
1187^2  • 
1IS7-9 
llM-»  1 
ll»9-l 
11K9-7 
119(KJ 
1190-8 
1191-4 
1192-0 
1192-5 
1193-0  1 


Lbs. 
•0873 
-0897 

-on  9 

-0442 

-im;5 

•0487 
-05  lit 
•05Jt2 
•0554 
•0576 
•05l»8 
-()62<» 
•0642 
•(m;64 
•o6H6 
•0707 
-l»729 
-0751 
-o772 
•0794 
•0815 


!    T«a. 

PUMMITr 

liwh. 

R«l«tUi 
V'wluiu  . 

Lbs. 

3ii 

745 

37 

7-27 

88 

709 

89 

698 

40 

677 

41 

6.1 

42 

647 

43 

684 

44 

621 

45 

60S 

46 

595 

47 

5M4 

48 

578 

«     49 

562 

50 

552 

51 

542 

52 

532 

58 

5-28 

54 

514 

1     55 

506 

I  iti  1 

498 

rcinpnra 
lun. 

rottlUaat. 

WHxht 

(inr  CuWt 
Fom. 

Fihr. 

Fuhr, 

Lbs. 

260-9 

1198-5 

-0837 

26-2-6 

JJlM-0 

-0858 

•264-2 

:  194-5 

•0879 

265-8 

1195-0 

•0900 

•267-8 

1 J  95-4 

-0921 

•268-7 

1195-9 

-0942 

•270-2 

1196-3 

•0968 

•271-6 

1196-8 

•098.8 

278^0 

1197-2 

•1004 

274*4 

1197-6 

•1025 

275-8 

1198-0 

•1046 

•277-1 

1198-4 

•1067 

278-4 

1198-8 

•1087 

'279^7 

1199-2 

-1108 

•281^0 

1199-6 

•11-29 

282-3 

1-200-0 

•1150 

28*8-5 

1-200-4 

•1171 

•284-7 

12«>0-8 

•1192 

285^9 

riOl-1 

•1212 

•2«7-l 

1201-5 

•1232 

288-2 

1201*8 

-1252 

NN 
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[In  the  colnmiw  V.  of  th*  folknring  table  are  cxiveMed  in  cubic  indm  Che 
which  a  tboomnd  eobic  incbcs  of  air  at  U^  will  have  at  the  tnmptnxuxm 
the  eufauniu  T^  the  a!r  beiog  soppoaed  to  be  maintained  under  the 


cx|iee«ed  ia 


T. 


T. 


T. 


V. 


T. 


T. 


V. 


—40 

8»2-7 

8 

951-0 

66 

1069-4 

124 

1187*8   1 

182 

1306*1 

-4»' 

834*7 

9 

9i53-l 

67 

1071^ 

12ft 

118t-8   ' 

183 

1108^ 

—48 

836-7 

10     ' 

9I55-1 

68 

1073*5 

128 

11918   ' 

184 

1310-2 

47 

8388 

11 

957-1 

69 

1U75-5 

127 

1193^ 

18ft 

13121 

4«  ' 

840^ 

12 

959^ 

lO 

1077-6 

128 

119ft-«   1 

186 

1314-3 

-4* 

842-8 

13 

961-2 

71 

1079-6 

129    ' 

1198-0    , 

187 

1316-3 

-44 

844-9 

14 

9«i3-3 

72 

1061 « 

lao 

1200-n 

188 

13184 

-431 ; 

84^-9 

15 

965-3 

73 

1083-7 

131    ■ 

i2ieo 

189 

1320-4 

-42  . 

849ni 

16 

967-3 

74 

1085-7 

132 

1204-1 

190 

13J2-4 

-41  ' 

851-0 

17     1 

9k»-4 

7ft 

1087-8     • 

133 

12««*1    ! 

191 

1324-5 

-40  . 

85JI-1 

18     i 

9714 

76 

1069*8 

134 

1208*2 

192  ' 

1326  5 

-39 

8551 

19 

973-5     , 

77 

lOVl-8 

135 

1210-2    ■ 

193 

1328-6 

-38 

M7-1 

20 

975-5 

78 

10i»3i>    . 

136 

1212-2   ! 

194 

1330^ 

—a;  • 

859-2 

21 

977-6 

79 

1095-9 

137 

1214-3 

195 

1332-6 

—36  1 

861-2 

22 

979-6 

80 

1098  0 

138 

1216-3    ; 

196 

1334-7 

-35  1 

864-3 

23 

981*6     ' 

81 

1100-0 

139 

121M-4 

197 

\X^-7 

-34  ' 

865-3 

24 

9837 

82 

1102H) 

141 

1220-4 

198 

133&-8 

-3« 

867-3 

25 

985-7 

83 

1104-1     . 

141 

1222-4 

190 

1340t« 

32  > 

8«9-4 

26 

987-8 

84 

1106*1 

142 

1224-5 

200 

1342-? 

-:Jl   ! 

871-4 

27 

989-8 

85 

1108*2    ; 

143 

1226-5 

201 

1344^ 

-30 

873I-5 

28 

991-8 

86 

1110-2  ; 

144 

1228-6 

,    20S 

134%-* 

-29  1 

875-5      i 

.    29 

993*9 

87 

1112-2 

14ft 

1210-6 

!    203 

1349-<» 

28 

877-6 

30 

995*9 

88 

1114-3 

146 

1282-7 

204 

1351-1 

-27  1 

879-6 

,     31 

998-0 

89 

1116-3 

147 

1234*7 

.    »6 

135a*l 

—26 

881-6      ' 

,     M 

1000*0 

90 

1118-4 

148 

1236  7 

^     206 

1S5:**1 

-2fi  1 

883-7 

33 

1002-0 

91 

1120-4 

149 

1238-8 

207 

lii't-i 

—24 

885-7 

84 

10041 

92 

11224 

160 

1240-b 

208 

13*91 

—23 

887-8      i 

35 

10061 

93 

1124-5 

Iftl 

1242-9 

1    209 

13611 

—22 

889*8 

86 

10«8-2 

94 

1126-5 

152 

1244-9 

210 

issrs 

—21 

891-8 

!     87 

1010-2 

95 

1128-6 

IftS 

1246-9 

211 

1365-3 

—20 

893-9 

38 

1012-2 

96 

1130*6    ; 

164 

12i9K> 

212 

1367-4 

—19 

895-9 

89 

1014-3 

97 

1132-7     ' 

,    156 

1251-0 

'    213 

136»4 

—18 

898-0 

40 

10163 

98 

i  134-7     1 

1    166 

1253-0 

214 

13n-5 

-17 

9001) 

41 

1018-4 

99 

1136-7 

:    167 

1265-1 

1    21ft 

1373*6 

—16 

902-0      1 

42 

10/0-4 

100 

1138-8 

168 

1257-1 

216 

1375* 

-15 

9041 

43 

1022-4 

101 

1140-8 

159 

12*9-2 

217 

1377< 

-14 

9061 

44 

10-24 -5 

102 

1142*9   ; 

,    160 

1261*2 

218 

13796 

-13 

908-2     ' 

45 

1026  5 

103 

1144-9     ' 

161 

1     12S3-3 

219 

13816 

-12 

910-2 

46 

1028-6 

UH 

1147-0 

162 

1265-3 

220 

1583-7 

-11 

912-2 

47 

1030-6 

105 

1149*0 

163 

1     1267*3 

230 

1404-1 

-10 

914-3 

48 

1032-7 

106 

1151-0     1 

164 

12<'»9-4 

240 

1424-5 

—  0 

916*3 

49 

1084-7 

107 

1163-1 

16ft 

1-271-4 

260 

1444-9 

—  8 

918-4 

1     5(1 

103IJ-7 

IDA 

1155-1 

166 

i     12r.V6 

.     2«0 

1465--. 

—  7 

920*4 

51 

11138-8 

109 

11571 

1«7 

1275-5 

270 

H85-; 

—  6 

922-5 

62 

l»40-8 

110 

1159-2 

.    1^ 

1277-5 

280 

]5'<-l 

—  f. 

924-6 

'     53 

10429 

t    111 

1161-2 

169 

1279-6 

290 

Iftic-s 

—  4 

926-6 

:  54 

1044-9 

112 

1163-3 

170 

:     1281*6 

300 

144<-> 

—  3 

928*6 

55 

104H-9 

113 

1165-3 

171 

1283-7 

400 

174h> 

—  2 

OAO-B 

56 

1049-0 

114 

1167-8 

172 

1JH5-7 

600 

1955-1 

-  1 

932  7 

57 

lOll-O 

116 

11M9-4 

173 

1287-8 

600 

21691 

0 

934-7 

58 

10531 

116 

1171*4 

174 

1289*8 

'     700 

296S-3 

1 

936-7 

59 

1(1551 

1    H7 

1173-6 

17ft 

1291-8 

800 

25§r-3 

2 

988-8 

60 

10571 

118 

1175-6 

176 

1-293-9 

9n0 

277I-4 

3 

910-8 

61 

1059*2 

119 

1177-6 

'    177 

1296*9 

1000 

»7:,-s 

4 

942-9 

62 

1061-2 

120 

1179-6 

>    178 

1298-0 

,  IftOO 

399;-? 

r, 

9U-9 

,     «» 

1063-3 

121 

118I-6 

179 

13(My-0 

2060 

6016-3 

a 

9470 

^ 

1065-3 

122 

11837 

180 

1     1302-11 

2500 

C03«; 

7 

949-0 

\    65 

1067-3 

123 

1185-7 

181 

1     1304-1 

3000 

Tosri 
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WATKK  AT  S9'2^,  FAIIR,  BEI2CO   1. 

(9L  RcfTwalt  hM  a<rertiiined  that,  imdar  a  fimsura  of  7G0  mUlini.  or  tSrVlM  IdcIim  oI 
narcury,  a  litre  of  waiar  weight  1000  gract'iuM  in  the  latitude  of  Parla.  A  litre  of  atino> 
spheric  air  weigh*  1-:Z93187  grammes ;  to  that  water  ft  77Snfii  timet  heaTirr  tlian  air  at  a 
trntion  of  Tlt^iil  incliet  of  mercury.  A  cubic  Inch  of  dittilled  water  at  thit  tention.  ami 
ftt  its  iwint  or  maximum  density,  weight  IM'748  grAint.  A  cubic  inch  of  dittilled  water  at 
tl>e  temperature  of  QJP  Fahr.,  and  with  the  barometer  ttandtiig  at  SO  inchet,  weight  SM*4M 
graiua.] 

Mstmls. 


Ainmininm  -  •  •  •  - 
Aiiiiiuoiiv,  foKed         .        -        •        - 

.,  native        •         •         •         - 

AnteiiiCi  fti»e(i  -  -         -         -         - 

„       native  .         -         -         - 

Bisinntb,  fohed  .         -         •         - 

„        native  -         .         .         - 

Bnwi,  wire        .         -         -         -         - 

♦,     cast 

Bronze     ------ 

CNduiiuin,  liammrnii  -         -         - 

C'lticilt,  oi.**!       -  .         -  .  - 

Cohiinbiuni        -         -         -         -         - 

C<»p{)er,  wmujrlit         -  .         - 

„      wire     -         -         -         -         - 

.,      ca>t      -         -         -         -         - 

G«»W,  haiuniered         -         -         -         - 

tt     cast 

n     pure 

„     EhcIUh  standard,  22  carat^f,  fine  ) 

fused,  not  bainniered        •  5 

Gon -metal  •  .  .  •  . 
Iridium,  ore  of  - 

,,      aist  bjr  electric  battery    - 
Irou,  wrongbt  -         -        -        .        . 

n    «"t 

Lead,  English  cast    •        -        -        - 

„    milled  sbeet     .... 

yf  Wiredrawn  .  •  •  . 
Manganese  -  -  .  .  - 
Mercury,  at  32^  Fahr. 

f»  w*  »        - 

Molybdenam,  saturated  with  water 

„        natire      -        -        .        . 

Nickel,  forged  •         -        >        .        - 

„      cast      .        -        -        •        . 


Specific 
gravity. 

Wwjrht  of 
a  cubic 

foot   III 

poundt. 

Weight  of 
«  cubic 
inch  to 
ouncet. 

a*6oo 

xez'XP 

i*toa 

6742 

42059 

3-894 

6-720 

419-21 

8-881 

8-310 

51841 

4  800 

5-9;J0 

36993 

3-425 

9756 

608-61 

5-635 

9.570 

597^1 

5-528 

8544 

53300 

4-935 

8  399 

52396 

4-851 

••aaa 

•ia'91 

«-TtO 

8  690 

54211 

5-019 

7-811 

487  27 

4520 

5918 

36918 

3-418 

8-915 

556-15 

5149 

8-878 

553*84 

5-127 

8-788 

549  47 

5-090 

19  362 

1207  87 

11-184 

19  260 

1201  50 

11-125 

19-258 

1201-38 

11-124 

iM^mms 

117a-30 

io«»io 

8-784 

547-97 

5-074 

19  500 

1216  47 

11*263 

18-680 

1165  39 

ia790 

7  758 

483-84 

4-480 

7  093 

442-36 

4-097 

11-446 

714  04 

6*611 

11407 

711-61 

6-589 

11317 

705-99 

6-537 

8-010 

49719 

4-627 

•13-619 

6ft9«60 

7*8tf6 

13-580 

847-17 

7*844 

7-500 

467-87 

4-331 

4667 

291-14 

2*696 

8666 

540-61 

5-006 

8279 

516-47 

4*Tftl 

v 


TAB&a  or  avBatKO 


5SC 


.r^ 

wrt.ht  nr 

to  pound.. 

■iiS? 

r«l!tdlnm 
rjailimiu.  rollrd 

? 
PoCMwnm        . 
Itliodiuin 
Sil«r      -         . 
Sodinm  .         . 

„    not  lN.mi«pr«.l 
Tutaliom  •i.el.l 
TtUuiam       ■ 

51C"    ; 

Wolfnm 

11-300 
2^060 
2|-.',.tO 
■8(i5 
Sl-000 
I0'470 

■'j:-i 

7-S40 

7-eiu 

SSIO 

GMO 
7  2»1 
i:t.cHi 

OUOU 
7-*0« 

r'i9o 

704  91 
137618 
13-13-08 

53  96 

6;,3IS 
G()-C4 
48908 
487  21 
8-1997 
3.-!!  27 

)(.97-B.i 

«SB-ae 

6-ss; 

1S-74S 

lv-436 

■SOU 

6-048 

•-ai7 

4I.SS| 

St.O«>,  *D.                                                                             j 

AJ>buI.r 
B-u«li    .        . 
Brkk      . 

Brickwork,  in  .■m.fn 

BaiHi"pMo« 
Cement,  PurcUnd 

„         Ko[n.D 
Cbatk    - 
CoRcrole,  Funland  n 

CI.?,  eom3"' 

Cutler-,  .lone  . 
E.nb,  t>iDD»d 
Kiint      .         . 
„    mUliloiw 

tiW."E^Kli»li"flm. 

„     6t.G-J«m,of 

Gf«nii»  - 
Grw'el   - 
Griodriona      . 
LiiM-loDe 
Jlriiia  • 
M.C1      .         . 
BfiUiblM         . 

n,e,„ 

2«»» 
2-6S0 

riS57 

\21G8 

I'GSO 
1S68 

l-m»0 

13S0 
Z-7«7 

i-aijo 

SOTO 

2111 

IS84 

SftiO 
2.11)0 

2  r,ao 

S-*30 

9'3SO 
lf700 

2-313 
2'72i) 

fieoo 

•iS-800 

i«a-s7 

16S3I 
97-13 
13j-2:i 
104  80 
97-81 

n-i29 

7985 
G4-8S 

17a -SI 

14173 
llS-53 
124-76 
8:<-21 
131-69 

162-19 
15471 
157-21 

ao7-7* 

160-97 
168-43 
118-53 
150-47 
183-34 
169-68 
99  81 
174-67 
IS4-71 

l-SU ' 

■89i; 
1-JSJ 

■970  1 
-9iKl 

■900  1 

■601  i 

1.-SM  1 

1-3  IS 
I-097. 

-sis' 

1-43* 
1-4S6 

1-37S 

I  097  1 
1-3mI 
l-6i7l 
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1*56 
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12G-82 

1-174 
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1-Ml 

1-SS« 

Tile  - 

1-048 

WiMda. 

Awb 

TO* 

a3>«a 

•407 

Alifw 

8(10 

*9  9l 

■462 

ApiOe.re. 

45-73 

Asb           -        - 

4»a 

Bmt  trat,  SpmLli 

■sas 

■475 

B<^rh 

Birch,  cnmmon  . 

■791 

„      AlMri<in  bl^fk 

'648 

■374 

Bomood.  Dulch 

1-320 

Ci33 

■TG3 

irr     - 

1-S30 

««-as 

•»S 

Frenrl. 

56-77 

Bmiil  ion),  rH 

laii 

C4-3I 

-MO 

CaLir,  liH)Un    ■ 

1-315 

8;-3* 

„      AimncuD 

■561 

35-00 

■324 

■71S 

44-CO 

■413 

Cilnn      ■ 

■726 

45:8 

■419 

1-04O 

64 -BS 

■601 

C.*k  tm 

-340 

14-97 

■139 
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37-30 

■349 

D'al,  CJ.ri..iin..3 
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«a-«e 

■a»3 
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1           ■390 

24-33 

■225 
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TAS&B  or   SVaCZrZO   aBAVZriBS— iroods— coa/tmMrf. 


EboDT,  American  - 

H      ludian 
Eidinr  •        •        • 
Elm  . 
Filbert 
Fir     - 
„     Kiffi     . 
HaMi . 
Laiicewntid   • 
Larch,  aenBoned    - 
Lignam  Vitas 
Loprood      • 
Mab^ganj,  Spani>h 

^         Honduras 
Norway  spars 
Oak,  English 
^    Canadian 
„    Dantzic 
Pear  tree 
Pine,  pitch  - 
„      red      •         • 
^     yeWovr 
Plune  tree    - 
Poplar 

Svcamope     • 
Teak,  dry    - 
Walnut 
T^llov,  dry 
Yew,  Dutch 
„     Spani^h 


Speclflc 
gravity. 


Welgtic  of 
a  rube  foot 
ill  puUIld*. 


1-331 

1  2oy 

•695 
•671 
•600 
•524 
•750 
•606 
,'OZZ 
•522 

1-330 
•913 
•800 
•560 
•580 
•934 
•872 
•756 

•6SO 
•660 
•657 
•461 
•640 
•383 
•690 
•657 
•671 
•330 

•786 
•807 


83-03 

75^42 

4329 

4184 

37-43 

3269 

46-79 

37  80 

63-75 

32  56 

8297 
56-93 

49-91 

34-93 

36  18 

58-26 

54  40 

47-16 

«0*55 
4117 
4098 
2876 
39-80 
23  89 
43-04 
40-98 
41-84 
2433 

ft9«16 
50  34 


WHebt  of  I 
aruMciakj 
inouiicrft. 


•769 
•698 
•401 
•388 
•346 
•303 
•433 
•35«» 
••90 
•301 
•768 
•527 
•462 
•323 
338 
•539 
•504 
•437 

•syt 

•381 
•379 
•266 
•370 
•221 
•398 
•379 
•388 
•225 
•«SS 
•466 


Zdqulds. 


Acid,  nulphuric,  concent  rated  • 
fuming  azotic  •  • 
bypo-Azotic  • 

liyposulphurie      -        • 
azotic,  of  commerce 
hvdrocliloric,  confcntrated 
muriatic     -         -         - 
acetic,  greate«t  density  - 
„     monoh^diate 


t» 
w 
tl 

n 
n 
n 

n 


Sprci6c 

Weirbtof 

«  niMc  fool 

grariiy. 

ill  poundiL 

I'Bftl 

X1«-SS 

1451 

90-53 

1-451 

9a53 

1-347 

84-09 

1-222 

7623 

1208 

75-36 

1194 

74-48 

1079 

67-31 

1-068 

66-62    1 

AIcuIhI,  tiwlnt  dcnhj 

,       comii.m'wB      • 


Sulphur.  pr-todiWid*  rif 
6u)|>aDret  of  cubed 
Virwirw      - 
Watar,  from  tli*  Dnd  So 


Bargnndf 


49-41 
57-83 


«4-)3 
)SS90 
ftt-50 

MIS 
44-60 
G506 


11»ft« 

•SIS 

■997 

•  1-57 

-940 

58-64 

■9S3 

57-58 

■915 

ar-oe 

■894 

S.VT7 

■B7i 

54-40 

S4-J9 

104-80 

1-acs 

»•»• 

6.T01 

77  33 

I-0-J8 

64-n 

1-015 

Kt-t! 

l^OIK) 

■^■38 

554 


TAB&B  or  BPSCZrZG  ORAVZTZXS-confiiiMML 


Tempentnre,  32°  Fahr. ;  barometer  standing  at  30  inches,  and  the  weight  of  dr 

being  unity. 

[Air  at  the  nnfati  prewu-e  of  th-  ntmnii|ihern,  or  291i?l2  inches  of  mercary,  and  at  tba 
frr«<ing  |K>int.  haM,  Hccor<iiii](  lo  M.  Uegnault,  a  specific  Kravicy  of  r2!*3l87  a*  c«iinp«r«d 
with  water  r»Tkmi#>i1  as  KKHI,  »mi  ih«  I  iilki  l)»*liig  iiiTertoir  a«  ihe  tpcciflc  gravities,  it 
followt  that  air  U  773*29  time*  the  bulk  of  an  filial  weight  of  Water.] 


If  the  apecific  gravity  of  water  be  taken  at 
lOoO,  air  at  H'29  ami  with  a  tennion  of  30 
inchei*  of  mercury  is  commonly  reclct>nc(l 
as  havin^c  a  ^peciHc  gravity  of  6*628,  and  a 
cubic  foot  will  then  weigh!  "iOl  ounceis.* 

Gasrs  : — 

Acetone         -  .         -         •         .         . 

Acid,  nitrous  .         .         .         .         - 

„     Bulplmrons    -         -         -         -         - 

inuriMtic        -         -         -         -         - 

carbonic         -         -         -         .         . 

,,     sulphohydric  .         •         .         • 

Ammonia      -----. 

Chlorine        •----. 

Cvanojjen      •--.-- 

Hydrogen 


n 


fi 


«» 


Nitrogen 

Oxide.  nitmuH 
„     nitric 
.,     carbonic 

Oxygen 


carburetted      -         -         - 
bicurburetted,  or  olefiant  ga:» 


Si'eriflc 
f  ra\  Ity. 


^Vpight  of 
a  ruble 
fooc  in 
ounces. 


2*01^ 
2058 
2234 
1*5.34 
1  529 
1191 
ti-590 

a*«7o 

1-805 
0069 
0555 
0-972 
0972 
1-527 
lOll 
0927 
1106 


2-606 
3431 
2  884 
1-980 
1-9:3 
1-537 
•761 
3*188 
2^30 
0  089 
0  716 
1254 
1-254 
1971 
1*305 
1*197 
1*427 


.J 


*  This  specific  grarity  does  not  exactly  arrec  with  that  fnTolved  in  the  rehttlre  Tohmwt 
of  steam  and  water  as  determined  bv  M.  Regnault ;  but  the  deviation  is  not  wider  than  is 
to  be  expected  In  any  «trict  compirison  of  such  determinations.  If  a  cubic  foot  of  wab^ 
weigh  62*SH  Ills.,  or  998*08  oa.,  then,  if  the  relative  bulk  of  saturated  stetm  at  15  Iba.  prcv 
sure  be  I6H9  to  I,  a  cubic  foot  of  such  steam  must  weigh  T^<h  part  of  998*08  ox^  or  0*s> 
oi.  at  a  temperature  of  8180  Fahr.  But  it  appears  bv  Itf.  Kegnault's  experhnents.  refcrre^ 
to  in  page  6H,  that  a  gas  or  vapour  expands  atwut  0'366Ath  of  its  bulk  in  being  raided  fn<"< 
the  freexing  to  the  boiling  point.  Hence,  1000  measures  of  air  at  Zip  will  expand  to  ISM-^ 
measures,  or  1.166-6  measures  in  beins  cooled  from  2VJP  to  32°  Fahr.,  will  contract  fm* 
).'V)6''i  measures  to  1000.  If  we  supp'tse  that  steam  could  be  similarly  cooled  without  ma- 
denaation,  the  specific  gravity  of  the  cooled  steam  would  l>e  greater  than  that  of  the  bc^tf  J 

•taam  In  the  proportion  of  1SG6*5  to  1000,  and  — j^jj^j will  repiescnt  the  weight  o^* 

coble  foot  of  the  cooled  steam  «  'AOfi  ox.  The  weight  of  a  cubic  foot  of  air  la  set  do«n 
at  1*291  ox.  at  the  temperature  of  82°.  and  the  weight  of  a  cubic  foot  of  steaaa  at  isP  bmog 
set-down  as  -6?3  of  this  amount  will  be  *804  oi.,  which  does  not  differ  nodi  fron  the  fus* 
vious  determlnatioa 
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•Ol8518:> 

55 

3025 

166375 

7-41620 

3-80295 

•0181818 

5f> 

3136 

175616 

7-48331 

3-82586 

•0178571 

57 

3249 

185193 

7-54983 

3-84850 

•0175439 

58 

3364 

195112 

7-61577 

3-87088 

•0172414 

59 

3481 

205379 

7-68115 

389300 

•0169491  I 

60 

3600 

216000 

7-7*597 

3-91«87 

•0166667 

61 

3721 

226981 

7-81024 

3-93054 

•0163934 

62 

3844 

238328 

7-87401 

3  95789 

•0161290 

63 

3969 

250047 

7-93725 

3-97906 

•0158730  i 

64 

4096 

262144 

8-00000 

4-00000 

•01 56250 

65 

4225 

274625 

8-06226 

4-02072 

•0153846 

66 

4356 

287496 

812404 

404124 

•015151.) 

67 

4489 

300763 

8-18535 

406155 

•01492J4 

68 

4624 

314432 

8-24621 

4-08165 

•0147059 

69 

4768 

328509 

8-30662 

410157 

•01449-2'5  i 

70 

«900 

3«3000 

a*36660 

«'^i2i2a 

•01«2a57 

71 

5041 

357911 

8-42615 

4-14082 

•0140S4:> 

72 

5184 

373248 

8-48528 

416017 

•013888? 

73 

5329 

389017 

8-54400 

4-17934 

•0136996 

74 

5476 

405224 

8-60232 

419832 

•0135135 

75 

5625 

421875 

8-66025 

4-21716 

•013333.1 

76 

5776 

438976 

8-71780 

4-235S2 

•0131579  , 

77 

5929 

456533 

8-77496 

4-25432 

•0129870 

78 

6084 

474552 

8-83176 

4-27266 

•012820:. 

79 

6241 

493039 

8-88819 

4-29084 

•01265S-> 

SO 

6«00 

512000 

a-9««27 

«*3oaa7 

-O125000 

81 

6561 

531441 

9  00000 

4-32675 

•012345: 

82 

6724 

551368 

905538 

4-34448 

•0l2ii»:.i  t 

83 

6889 

571787 

911043 

4-36207 

•012ll4J^i' 

84 

7056 

592704 

916515 

4-37952 

•0119048 

85 

7225 

614125 

9-21954 

4-39683 

•0117647 

86 

7396 

636056 

9-27362 

4-41400 

•0116279 

87 

7569 

658503 

9-32738 

4-43104 

•0114942 

88 

7744 

681472 

9-38083 

444707 

-011S63i; 

89 

7921 

704969 

943398 

4-46474 

•01l23.'i^ 

90 

8100 

729000 

9*«8683 

«*«ai«o 

•OllllU 

91 

8281 

753571 

9-53939 

4-49794 

•oio9^y'> 

92 

8464 

778688 

9-59166 

4-51436 

•0l0869t; 

93 

8649 

804357 

9-64365 

4-53065 

•010752: 

94 

8836 

830584 

969536 

4-54683 

•01063>.J 

95 

9025 

857374 

9-74679 

4-56290 

•010 '.26-1 

96 

9216 

884736 

9-79796 

4-57886 

•0104167 

97 

9409 

912673 

9-84885 

4-59470 

•Oll'.'W  ^^ 

98 

9604 

941192 

9  69949 

4-61044 

•0102041 

99 

9B0\ 

\            ^IWl^^ 

,        9-94987 

4-62606 

•0l0l"10 

563 


or  BQVAmam  cmas. 

CVB8  &OOTS — continued. 


Num. 

Squares. 

Cubet. 

Square  Roota. 

Cube  Roots. 

Reciprocals. 

lOO 

lOOOO 

lOOOOOO 

10*00000 

«-6«189 

-OlOOOOO 

101 

1(»201 

1030301 

10-04988 

4-65701 

-0099010 

102 

10404 

1061208 

1009995 

4-67233 

•0098039 

103 

10609 

1092727 

1014889 

4-68755 

-0097087 

104 

10816 

1124864 

1019804 

4-70267 

•0096154 

105 

11025 

1157625 

10  24695 

4-71769 

-0095238 

106 

11236 

11910IG 

10  29563 

4-73262 

-0094340 

107 

11449 

1225043 

10-34408 

4-74746 

-0093458 

108 

11664 

1259712 

10-39230 

4-762-->0 

-0092592 

109 

11«S1 

1295029 

10  44031 

4-77686 

•0091743 

lio 

laioo 

1331000 

io-«aao9 

«*79i«a 

•0O9O9O9 

111 

12321 

1367631 

10-53565 

4-80590 

-0090090 

112 

12544 

1404928 

10-58300 

4-82028 

-00S9286 

113 

12769 

1442897 

10-63014 

4-83459 

-0088495 

114 

12996 

1481544 

10-67708 

4-84881 

•0087719 

115 

13225 

1520875 

10-72380 

4  86294 

•0086956 

116 

13456 

1560896 

10-77033 

487700 

•0086207 

117 

13689 

1601613 

10-81665 

4-89097 

•0085470 

118 

13924 

1643032 

10-86278 

4-90487 

•0084746 

119 

14161 

1685159 

10-90871 

4-91868 

-0084034 

lao 

i««oo 

1728000 

10-95««8 

«-932«2 

•0083333 

121 

14641 

1771561 

1100()0(J 

4-94609 

■0082645 

122 

14834 

1815848 

1104536 

4-95967 

-0081967 

123 

15129 

1860867 

1 1-09054 

4-97319 

-0081301 

124 

15376 

1906624 

11-13553 

4-98663 

-0080645 

125 

15625 

1953125 

1118034 

500000 

-0080000 

126 

15876 

2000376 

11-22497 

5-01330 

-0079365 

127 

16129 

2048383 

11-26943 

502652 

•0078740 

128 

16384 

2097152 

11-31371 

503968 

-0078125 

129 

16641 

2146689 

1 1-35782 

51)5277 

•0077519 

130 

16900 

ai97O0O 

ll'«0178 

8-068aO 

-00769a3 

131 

17161 

2248091 

11-44552 

5-07875 

•0076336 

132 

17424 

2299968 

11-48912 

5-09164 

•0075767 

133 

17689 

2352637 

11-53256 

5-10447 

-0075188 

134 

17956 

2406104 

11-57584 

511723 

-0074627 

135 

18225 

2460375 

11-61895 

5-12993 

•0074074 

136 

18496 

2515456 

11-66190 

5-14256 

•0073529 

137 

18769 

2571353 

11-70470 

515514 

•0072993 

138* 

19044 

2628072 

11-74734 

516765 

•0072464 

139 

19321 

2685619 

11-78983 

5-18010 

-0071942 

i«o 

19600 

a7««ooo 

ii-a3ai6 

8-19a«9 

•oo7iftaa 

141 

19881 

2803221 

11-87434 

5-20483 

•0070922 

142 

20164 

2863288 

11-91637 

5-21710 

•0070422 

143 

20449 

2924207 

11-95826 

5-22932 

-0069930 

144 

20736 

29851)84 

1200000 

5-24148 

•0069444 

145 

21025 

3048625 

1204159 

5-25359 

-0068965 

146 

21316 

3112136 

1 208305 

5-26564 

-0068493 

147 

21609 

3176523 

12124.'t5 

5-27763 

•0068027 

148 

21904 

3241792 

1216552 

5-28957 

-0067567 

149 

22201 

3307949 

12-20655 

5-30146 

^   -0Q6TVV\ 

OO  1 


564 


yum. 

S,u««. 

CutM. 

SquucRogU. 

Cute  RiKU, 

Krclpniali. 

LSO 

22500 

3S7S0OO 

ia-a«s8 

8-SlXS» 

22801 

3442951 

12-28820 

S-32507 

■lXJ66i25 

23104 

3511008 

12-32883 

9-33630 

11065789 

23409 

3581577 

12-36932 

5-34848 

■0065359 

aans 

3653264 

12-4096? 

5  361  1 1 

■0Cft493S 

21025 

3723875 

12-44990 

5-37168 

■0064516 

24336 

379(i416 

12-49000 

9-38321 

■006410S 

24649 

3869893 

12-52998 

5-394<;9 

24964 

3944312 

1258980 

5-40612 

0063291 

25281 

4019679 

12  80952 

5-41750 

LCD 

2S600 

«o»oao 

13-C4911 

l*«MB3 

lUt 

25921 

41732S1 

12-6!^8JS 

5-44012 

-01)62112 

ma 

26344 

4251528 

12  72792 

-5-45136 

■0061728 

163 

26569 

4330747 

12-767  U 

5-46255 

■0061350 

\e,i 

26SBG 

4410944 

12-80625 

5-47370 

0060976 

27325 

4492125 

12-84523 

5-484S1 

■oosnwie 

27556 

4574296 

12BR410 

5-49.W6 

■O06OS4I 

27889 

4657463 

12-93285 

5-r>u6se 

oosiiswi 

28224 

4741632 

129614S 

•00595*4  ' 

2B561 

4826809 

■0059172  1 

170 

*Bvao 

U130OO 

IS-038«0 

■■5S9CS 

■oosasas 

29^41 

50(10211 

13-07670 

5  55OS0 

O05S479 

ITS 

5038448 

la-lNSS 

■005S139 

173 

5177717 

1315295 

■oo57sa 

174 

30276 

5268024 

13-19091 

5-58277 

■0057471 

175 

30625 

5359375 

■O0S714J  : 

17G 

545I77G 

13-26650 

S'60408 

■0056818  ■ 

177 

5545233 

5-61467 

-UD5649T 

178 

5639752 

13-34166 

5-62523 

-0056180 

179 

S-63S74 

lao 

sasaooo 

i3-«iasi 

s-«««aa 

•00S»1« 

IHl 

327GI 

5929741 

5-65665 

■005  .i2U  1 

1S2 

6028;.68 

5-6670S 

■0054945' 

1R3 

61284R7 

1352775 

a-8774I 

■0054641  1 

1,S4 

6229504 

13-56466 

6-6B773 

■005434*1 

Ui 

13-60147 

9-69803 

■0054UMI 

IBS 

13-63618 

5-70827 

-00537^ 

187 

13-67479 

9-71848 

-0053176 

1S8 

35344 

6644672 

13-71131 

S-72BB5 

-0053191 

35721 

6751269 

13-7*773 

5-73879 

■OO529I0 

ft»e 

S«10O 

CSBffOOO 

13-7a«0S 

s-T«aso 

■OOBMM 

191 

13-82027 

5-75896 

005«H 

192 

36864 

13-35641 

576900 

-005308,1 

193 

37249 

7189517 

13-S9244 

5-77900 

0051813 

37636 

13-92839 

5-78896 

-00,M»6 

19i 

38025 

7414875 

13-96424 

5-79889 

^)05llSI 

196 

38416 

14-00000 

S-908TB 

-oosiowl 

197 

38809 

7845373 

14TO567 

5-81865 

-OO50761  1 

198 

39204 

7762393 

14-07125 

a-82849 

-OOSO505I 

199 

3960\ 

\       isaosft 

^       U- 10674 

5-B382T 

■ooioaii 

565 


Kun. 

Squini 

C^. 

Mur-RHK'- 

c.»„-„. 

ii«ir™i.. 

ZOO 

«oooo 

i«-i«ai3 

B-8«soa 

•OOBOOOO 

aoi 

4IM<I1 

-0049751 

SOS 

4U80* 

14  21267 

5  86747 

-0049505 

203 

41209 

8365427 

5-87713 

•0049261 

204 

4ieifi 

8489664 

14-28286 

5-88676 

■0049020 

ao5 

4iOiS 

8615125 

14-3 I7S2 

■0048780 

206 

4J436 

8741816 

14-35270 

5-90594 

-0018544 

207 

4J--'4;i 

8869743 

14-38749 

S-91548 

■001S30J 

9UB 

4:1264 

8998912 

14-42i20 

5-92499 

■004  8077 

43681 

9129329 

1445683 

5-93447 

-0047847 

axo 

««1.00 

9a«iooo 

1«>S»13« 

s-«*3»a 

•OOft7«l» 

ail 

44r.21 

9393931 

14-52584 

5-95.134 

41044 

9528128 

14-56022 

5-96273 

0047170 

45:)69 

9663S97 

14  5D4.W 

5-97209 

4.-.:9i; 

980034+ 

14-62874 

5-93143 

46-225 

9938375 

U-66288 

5-99073 

-0046512 

2IG 

*6rt56 

10077696 

14-69694 

6-00000 

217 

10218313 

14-73092 

600924 

-0046083 

2IS 

47524 

10360232 

14  7B482 

601846 

■0045871 

47961 

10503459 

14-79865 

60276.^ 

'0045662 

220 

«B«00 

ios«sooo 

ivssaoo 

s-oaaai 

•OOftBABft 

10793861 

14-86607 

604594 

■0045249 

221 

4'J294 

10941048 

14-89966 

605505 

-0045049 

2M 

4U729 
50176 

110S9567 

11239424 

14-93318 

14-96663 

606413 

6-07318 

■004484S 

1 1390625 

6-08240 

11543176 

I5-0333O 

609920 

■0044248 

227 

6  10017 

-0044053 

228 

51984 

•0043860 

32S 

■0043668 

aso 

Basoo 

xaia70oo 

lB-iaS7B 

a-i2a»a 

■OD«3ft7a 

ani 

613r.79 

■0043290 

233 

53S21 

■0043103 

233 

54299 

12649337 

■0042918 

234 

54756 

15-29706 

■0042735 

S3S 

55225 

12977875 

15  32971 

6' 17 100 

-004259A 

236 

55696 

I31442S6 

6-17975 

■0042373 

237 

56169 

13312053 

15-39480 

-0042194 

238 

56644 

13481272 

15-42725 

2.19 

57121 

1.1651919 

15-45962 

6-20582 

■0(M1841 

i*o 

B7«00 

xaszftooo 

1B>«0193 

••ai««o 

241 

5808 1 

13997 5il 

15-52417 

6-22308 

-0041494 

342 

58564 

I 41 72188 

IS-5i63.'. 

fi-23168 

-0041322 

S9049 

14348907 

IS-58S46 

6-24025 

■0041152 

244 

69536 

14526784 

6-24880 

■004«984 

245 

60025 

147U6I25 

15-65247 

6-25732 

■0040816 

246 

60516 

148869,16 

15-68439 

6-26583 

■0040650 

247 

61009 

15069223 

15-71623 

6-27430 

■0040486 

248 

61504 

1S2S2992 

1 9-7480 1 

6-28278 

■0040.122 

S49 

6200) 

15438249 

15-77973 

6  29119 

■Wl«)\%\  \ 
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«L 

»... 

S,U.,B. 

Cub«. 

s,„^n,™... 

Cub*  BouU. 

It«lpr«^ 

zaa 

•asoo 

iBsasooo 

lS-ail39 

a-Z99SO 

■CMMOOOO 

a,-,i 

G3001 

15813251 

1584298 

6  30799 

M,'.i 

63504 

l6^Klm^e■ 

15-87431 

6-3  J  630 

a53 

64U09 

16194277 

I5-90.-.97 

■0039326 

254 

64516 

16.'J8:064 

15-93738 

255 

65025 

16:181375 

I5'96S72 

SflS 

6.')  536 

16777216 

16'OIIOOO 

6'3496U 

66049 

16974593 

I61J3122 

06564 

17173512 

1606238 

■0038760 

67081 

17373979 

1609348 

6-37431 

-0038610 

aeo 

•7S0O 

17S76000 

>«->2ttBl 

«'3saso 

■003S««1 

6siai 

16-15549 

68644 

179HJ728 

1618641 

363 

69169 

I8I9I447 

16-21/27 

364 

69696 

18399744 

16-24808 

S65 

70335 

1 86091:35 

16-27889 

G -423 16 

■0037736 

366 

70756 

1882I09G 

16-30951 

643123 

-0037594 

S6T 

7I2S9 

19034163 

16-34013 

6-43928 

-0037453 

S68 

71 824 

19346832 

16-37070 

369 

19465109 

IG-40122 

■0037175 

iy« 

7a»oa 

19M3O0O 

is^aies 

••«e33o 

•003f«37 

371 

73441 

19902511 

16-46208 

373 

73984 

20133643 

16-49242 

373 

74529 

20346*17 

16-52271 

374 

75076 

30570824 

16-55294 

G'49506 

379 

20790875 

16-58312 

6-50296 

376 

76IT6 

21034576 

16-61325 

6  51083 

977 

76729 

91253933 

16-64332 

6-51868 

378 

T73.'i4 

21484952 

16-67833 

6-92652 

37» 

7784! 

2 17  tf  639 

16-70329 

G-53433 

sso 

vs«oa 

a»92000 

l«-733aO 

«-s«a>3 

•O0SS71« 

78901 

22188041 

16-76305 

0-54  Wl 

2V2 

22425768 

16-;9285 

6-55T67 

3»3 

22665187 

16-82200 

6-56541 

■0035336 

364 

8U6J6 

2290C304 

16-85231I 

6-57314 

■o"3.itti 

365 

813:25 

23149125 

16-88194 

6-58084 

■0O3J0SS 

386 

81796 

23393e.-.6 

16-9 1153 

6-58853 

387 

33639903 

16.94107 

6-59G20 

■0034843  ' 

38  a 

23887872 

16  97056 

6-6038: 

-0034:22 

asa 

8.1521 

24137569 

17-00000 

G-GI149 

-00346U2 

190 

S«100 

a4»8«O0D 

17.0293B 

••a2.9ii 

-O03A«U 

391 

24C+2171 

17-0,-.87a 

6-62670 

SSJ 

85264 

24K97088 

17-08801 

6-C3429 

-11034346 

S93 

85349 

25153757 

171 1724 

6-64185 

■0034lll> 

394 

S643G 

95413184 

17-U643 

6-64940 

■0034014 

995 

87025 

95B72375 

1717556 

6-65693 

■0033898 

996 

87616 

95934836 

17-20465 

6-66444 

■0033TM 

397 

26198073 

1-23369 

667194 

■0033671) 

198 

88804 

4MWiM 

17-26268 

667943 

■0033557 

399 

89401 

\        wsm-ia 

V      ^68688 

«033I4J 

I,  COBMS.  Awn  sqvAxa  ajts 


S„«.r«. 

o.^.. 

Squ.„  R«K,. 

Cubf  n«:i>. 

nrtiprool.. 

MM 

90000 

27000000 

17>Sa051 

•••9«S3 

•0033333 

8U601 

17 '34935 

-0033222 

»iai)4 

27543608 

6-70917 

-U0331I2 

918(]9 

27818127 

17 '4  0689 

6  71657 

■0033013 

92116 

280944S4 

6-72395 

93025 

-0032787 

9,16.16 

2^652616 

17-49J8J 

-003268a 

94249 

28934443 

-0032573 

3iH 

94864 

29218112 

-0032467 

3U3 

OMI^I 

29.il>36<)9 

1 7  57839 

s>o 

9eioo 

a»791OO0 

ivooosa 

«'7«700 

•aa3aaaa 

96721 

31  Ml*!  1231 

0032154 

97344 

30371329 

30664297 

678966 

98,-.U6 

309S9144 

0031847 

99^2.-. 

3I25.-.87.-, 

0031746 

317 

99H56 

3i5.'i4496 

31 85511 13 

17-80449 

B-91128 
6-81946 

0031645 
0031546 

318 

101124 

32157433 

6-82562 

0031446 

319 

32461759 

6-83277 

-0031348 

sao 

loaAoo 

S270S0OO 

XT-asosft 

C-83VS0 

■oosiaso 

321 

:t3076l61 

17-91BJ7 

B-84702 

-0031153 

323 

103684 

33386246 

17-94436 

6-85412 

-0031056 

323 

1U4329 

33698287 

17-97220 

6-86121 

-0030960 

32* 

104976 

34012224 

I8-O0(H)0 

6-96828 

335 

lOSfiaS 

34321  i3.'> 

18  02:76 

6-87534 

■0030769 

i  061-7  B 

18-0-"ia47 

1011929 

19-08314 

107  .W4 

352875S2 

1811077 

-00:10488 

10S241 

18-13836 

-00311395 

*30 

1.0S900 

$5037000 

la-iosoo 

»-Biooa 

■0030303 

iu;i,-.6i 

31.264691 

i8-i9;uo 

332 

1 10224 

36594368' 

18  22087 

iiop^g 

18-24.''29 

■0030030 

334 

IIIS56 

18-27567 

-00299411 

33S 

1 1222,". 

3759.1375 

ie-3<v-<oo 

-0029851 

33(i 

112J96 

37933056 

18  3.10.30 

H.'!5fi9 

3827i753 

18-35756 

■002967.3 

339 

114244 

18  38478 

6-96592 

339 

114921 

18-41195 

6-97268 

3ftO 

llt«O0 

ssaosooo 

XS-43SOB 

••07983 

•ooaoua 

1I62SI 

I84661S 

■0029325 

342 

116964 

18-49324 

-0029240 

343 

11764U 

18-5-2026 

■01129154 

Il83;i6 

407075S4 

lS-54724 

7'0II690 

34S 

119025 

18-57417 

7-013.-I9 

'IHi2i.:<l85 

346 

119716 

7-02<K)5 

347 

7-02710 

'0O28S18 

34S 

12I1(M 

7-03385 

■00287.16 

349 

12IS<il 

42.-IOH549 

18-681S4 

T-ow:,q 

■WftftWA 

^1 

■ 

'1 

^H 

^H 

■r 

^^1 

WM 

1 

r 

55S 

^ 

■ 

ABLX  OX 

SQUAItES,  CVBEB.  AXri>  SQO&KZI  Atm       H 

■ 

CTJBE  BOOTS^  ronton 

cd 

; 

■ 

1 

k™. 

SqnUB. 

c»,. 

»„...,.,. 

Cub.  Boou. 

_^ 

1 

SBO 

lazBoo 

«aa7sooo 

i8*9oaas 

T-o«no 

- 

•«oaam 

3JI 

18-73499 

7-05400 

■0098490 

353 

13:1004 

4^614208 

19'761fifi 

T-06070 

■0098409 

353 

134609 

431IB6977 

1878829 

7-06738 

•0038319 

354 

125316 

44361864 

18'B14«9 

7-07404 

3S5 

lafitwft 

44738875 

1BM144 

7-08O70 

35S 

126736 

45119016 

18'R67U6 

7-Oa734 

367 

127449 

45499393 

18'89444 

7-09397 

35fl 

128164 

45882712 

1 892099 

7-lOO.W 

359 

128881 

46568279 

1S'94T29 

7-10719 

S60 

lassoo 

«66S6000 

18-B73aT 

T>1137» 

361 

130331 

47045831 

19-00000 

7-12037 

353 

131044 

474371J28 

19-02630 

7-12694 

363 

131769 

47932147 

19-05256 

7-13349 

364 

132496 

493^9544 

19-078T8 

M4004 

■0027478 

S«S 

133225 

48627125 

19-10497 

7-14657 

■0037897 

3S6 

133956 

49027B96 

19  13113 

7-15.309 

■0037318 

I 

867 

134689 

1.15424 

49430863 
49936033 

1915724 

19-18333 

7-15960 

7-16609 

■0O2-S44 
■0037174 

I3GI61 

.".0243409 

19-20937 

7-17358 

•0027100 

■70 

ISflSOO 

B06S3000 

l»-23S3a 

7-17SOS 

•OOSTOa7 

137641 

51064911 

19-26136 

7-18S5S 

■0036954 

138384 

51478848 

19-28730 

7-19197 

■0036881 

srs 

139139 

5199SU7 

19-31321 

7-19840 

-O02G810 

874 

139876 

52313624 

19-33908 

7-20483 

-OOS6738 

87S 

140625 

53734375 

19-36492 

7-31135 

-0036667 

376 

53157376 

19-39072 

7-21765 

877 

53582633 

1941649 

7-22404 

-O02GS25 

378 

1438S4 

540 101 52 

19-44322 

7-23043 

19-46793 

7-23680 

sao 

siavaooo 

19-USS9 

7-aft31,S 

381 

14.1161 

S.'i?!  16341 

19-51 92i 

7-24950 

55742968 

1954483 

7-25584 

3S3 

19-57038 

7-26217 

3S4 

19-59591 

7-86848 

385 

5706n62fi 

19-62143 

7-37479 

3Sfl 

5T5 12456 

19 -64688 

7-aSI08 

387 

149769 

S 7960603 

1967331 

T-as736 

3BS 

150544 

58411072 

19-69771 

7-29363 

389 

l.'.13ai 

5SS63SC9 

19-72308 

7-39989 

ISO 

isatoA 

SVS19000 

19-T«a*Z 

7'S061« 

391 

1^2881 

,19776471 

19-77372 

7--iia38 

993 

U3G64 

6<>2.'i63B8 

19-79899 

7-31861 

393 

154449 

(10698457 

7-32483 

3S1 

15.5236 

61163984 

19-84943 

7-33104 

39S 

1S6025 

61629875 

19S7461 

7-S3723 

396 

156S1G 

63099136 

19-89975 

7-34343 

897 

I57B09 

62570773 

19-92486 

73496(1 

■ 

398 

15B4Ut 

6:1044792 

19  94994 

7-3.M78 

k 

399 

IWIOV 

SiVlWIiiX      \'»V>W8 

7-36192 

HKISSOUI 

H 

^^^1 

■ 

S69 


or  sQVAsas,  ovBas, 


uqjf. 


Num. 

•Sqimrefl. 

CobM. 

Square  Roots. 

Cube  Roots. 

Reciprocals. 

«oo 

160000 

6«000000 

20*00000 

7*36806 

•0028000 

401 

160801 

64481201 

2002498 

7-3T420 

-0024938 

402 

161604 

64964808 

20^4994 

7-38032 

-0024876 

403 

162409 

65450827 

2007486 

7-38644 

-0024814 

404 

163216 

65930204 

20-09975 

7-3'r254 

•0024752 

405 

164025 

66430125 

2012401 

7-39804 

•0024691 

406 

164836 

66923416 

2014944 

7-40472 

•0024630 

407 

165G49 

67419143 

2017424 

7-41079 

-0024570 

408 

166464 

67917312 

20-19901 

7-41086 

•0024510 

409 

167281 

68417929 

20-22375 

7-42-291 

•0024450 

«io 

168100 

68921000 

20-2«8«6 

7'«2896 

•002«390 

411 

168921 

69426531 

20-27313 

7-43499 

•0024331 

412 

169744 

69934528 

20-29778 

7-44102 

•0024272 

413 

170569 

70444997 

20*32240 

7-447a3 

•0024213 

414 

171396 

70957944 

20-34699 

7-45304 

•0024154 

415 

172225 

71473375 

20-37155 

7-45903 

•0024096 

416 

173056 

71991296 

20-3<J608 

7-46502 

•0024068 

417 

173889 

72511713 

20-42058 

7-47100 

-0023981 

418 

174724 

73034632 

20-44505 

7-47697 

-0023923 

419 

1 :.').'}  61 

73560059 

20-40949 

7-48292 

•0023866 

«20 

176«00 

7«088000 

;20-«9390 

7>«8887 

.0023809 

421 

177241 

74618461 

20-51828 

7-49481 

•0023753 

422 

178084 

75151448 

20-54264 

7-50074 

0023697 

423 

178929 

75686907 

20-56696 

7-50066 

-0023641 

424 

179776 

76225024 

20-59126 

7-01257 

•0023585 

425 

180025 

76765025 

20-61553 

7-51847 

•0023529 

426 

181476 

77308776 

20-63977 

7-52436 

•0023474 

427 

1S2329 

77854483 

20-66398 

7-53025 

-0023419 

428 

1N3I84 

78402752 

20-68816 

7-53612 

-0023364 

429 

184041 

78953539 

20-71231 

7-54199 

-0023310 

%90 

18«900 

79507000 

20*736«« 

7-8«78« 

•0023286 

431 

185761 

80062991 

20-76054 

7-55369 

-0023202 

432 

186624 

80621568 

20-78461 

7-55953 

•0023148 

433 

187489 

81182737 

20-80865 

7-56535 

•0023095 

434 

188356 

81746504 

20-83267 

7-57117 

-0023041 

435 

189225 

82312875 

20-85065 

7-57698 

•0022988 

436 

190096 

82881856 

20-88U01 

7-58279 

•0022936 

437 

190969 

83453453 

20-90454 

7-58858 

-0022883 

438 

191844 

84027672 

20-92845 

7-59436 

•0022831 

439 

192721 

84604519 

20-95233 

7-60014 

•0022779 

%%o 

193600 

8818«000 

20-97618 

7-60590 

•0022727 

441 

194481 

85766121 

21-00000 

7-61166 

•0022676 

442 

195364 

86350888 

21-02380 

7-61741 

•0022624 

443 

19C249 

86938307 

21-04757 

7-62315 

-0022573 

444 

197136 

87528384 

21-07131 

7-62888 

•0022522 

445 

198025 

88121125 

21-09502 

7-63461 

•0022472 

446 

198916 

88716536 

21-11871 

7-64032 

•0022421 

447 

199809 

89314623 

2114237 

7-64603 

•0022371 

448 

200704 

89915392 

21-16601 

7-65172 

•0022321 

449 

201601 

90518849 

21-189C2 

•i-^ti-W 

\       ♦V^.YI'ifr.'S. 

L-^A 
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TABXiB  OV 

SqVAKZS,  CVBBS*  AW9  SQiirAS 

M  AM9 

CVBa  &OOTS — continued. 

Num. 

Squarei. 

Cubes. 

Square  RooU. 

Cube  RooU. 

Reciprocals. 

«80 

202500 

91128000 

21'21320 

7-66309 

•0022222 

451 

203401 

91733851 

21-23676 

7-66877 

•0022173 

452 

204304 

92345408 

21-26029 

767443 

•0022124 

453 

205209 

92959677 

21-28380 

7-68008 

•0022075 

454 

206116 

93576664 

21-30727 

7-68573 

•0022026 

455 

207025 

94196375 

21-33i»73 

7-69137 

•0021978 

456 

207936 

94818816 

21-35416 

7-69700 

•0021930 

457 

208849 

95443993 

21-37T56 

7-70262 

•0021882 

458 

209764 

96071912 

21-40093 

7-70824 

•0021834 

459 

210681 

96702579 

21-42428 

7-71884 

•<H)21786 

«60 

211600 

97336000 

21-««761 

7-719«« 

•0021739 

40 1 

212521 

97972181 

21-47091 

7-72.503 

-0021692 

462 

213444 

98611128 

21-49418 

7-73061 

•0021645 

463 

214369 

99252847 

21-51743 

7-73619 

-002159S 

464 

215296 

99897344 

21 -.54066 

7-74175 

•0021552 

465 

216225 

100544625 

2 1 -50386 

7-74731 

•0021505 

466 

217156 

101194696 

21 -58703 

7-7.5286 

-0(»21459 

467 

218089 

10184  7;j63 

21-61018 

7-75840 

•002 1 4 1"* 

468 

219024 

102503232 

21-63331 

7-76394 

•0021367 

460 

219961 

103161709 

21-65641 

7-76046 

•00213^2 

1k70 

220900 

103823000 

21-679«8 

7-77  «9a 

•0021277 

471- 

221841 

104487111 

21-70253 

7-78049 

-(021-231 

47& 

222784 

105154048 

21-72556 

7-78599 

•0021186 

473 

223729 

105828817 

21-74856 

7-79149 

•0021142 

474 

224676 

10G496424 

21-771.54 

7-79697 

-002109? 

475 

225625 

107171875 

21-79449 

7-80245 

•0021053 

476 

226576 

107850176 

21-81742 

7-80792 

-0021008 

477 

227529 

108531333 

21-84033 

7-81339 

•0020965 

478 

228484 

109215352 

21-86321 

7-81884 

•0020920 

479 

229441 

109902239 

21-88607 

7-82429 

•0020877 

«80 

230«00 

110592000 

11-90890 

7*82973 

•0020833 

48] 

231361 

111284641 

21-93171 

7-83517 

-0021^790 

482 

232324 

111980168 

21-95450 

7-84059 

-0020747 

483 

233289 

112678587 

21-97726 

7-846<U 

•0020704 

484 

234256 

113379904 

22-00000 

7-85142 

•0020661 

485 

235225 

114084125 

22-02271 

7-85683 

•0020619 

486 

236196 

114791256 

22-04541 

7-86222 

•0020576 

487 

237169 

115501303 

22-06808 

7-86761 

•0020534 

488 

238144 

116214272 

22-09072 

7-87299 

•0020492 

489 

239121 

116930169 

22-11334 

7-87837 

•0020450 

«90 

2«0100 

1176«9000 

22-13S9« 

7-88373 

•oo2o«oa 

491 

24 1 08 1 

118370771 

22-15852 

7-88909 

•0020367 

492 

242064 

119095488 

22-18107 

7-89445 

•0020325 

493 

243049 

119823157 

22-20360 

7-89979 

•0020284 

494 

244036 

120553784 

22-22611 

7-90513 

•0020243  i 

495 

245025 

121287375 

22-24859 

7-91046 

•0020202 

496 

246016 

122023936 

2-i-271u6 

7-91578 

•0020161 

497 

247009 

122763473 

22-293.50 

7-92110 

•0020121 

498 

24dW)4 

22-31591 

7-92641 

•0020080 

499 

24900V 

\      «vv^*X$^'^\ 

i^      7-93171 

•0020040 
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TAB&a  or  SQV. 


SOOT8 — continued. 


Num. 

Squares. 

Cubes. 

Square  Roots. 

Cube  Roots. 

Reciprocal  s. 

500 

asoooo 

125000000 

22-36068 

7.93700 

•0020000 

501 

251001 

125751501 

22-38303 

7-94229 

•0019960 

502 

252004 

126506008 

22-40536 

7-94757 

•0019920 

503 

253009 

127263527 

22-42766 

7-95285 

•0019881 

504 

2.')4016 

128(»24064 

22-44994 

7-95811 

•0019841 

505 

255025 

128787625 

2-i-47220 

7-96337 

•0019802 

506 

256036 

1295:)4216 

22-49444 

7-96863 

•0019763 

507 

257019 

13032:1843 

22-51666 

7-97387 

-0019724 

508 

2:)8or)4 

131096512 

22-53885 

7.-97911 

-1X119685 

5t>9 

2:)  908 1 

13 IS 72229 

22-56103 

7-98434 

i>019646 

510 

260100 

132681000 

22-58318 

7-98957 

•0019608 

511 

261IJ1 

133432831 

22-6(»531 

7-99479 

-0019569 

512 

262144 

134217728 

22-62742 

8-00000 

-0019531 

513 

2G.'U69 

135005697 

22-64950 

8-00520 

•0019493 

5U 

264196 

135796744 

22-67157 

8-01040 

•0019455 

515 

265225 

136590875 

22-69361 

801559 

•0019417 

516 

26e2.>6 

1373JS8096 

22-71563 

8-02078 

•0019380 

517 

267289 

138188413 

22-73763 

802596 

•0019342 

518 

26S324 

138991832 

22-75961 

8-03113 

•0019305 

519 

269361 

139798359 

22-78157 

8-03629 

•0019268 

520 

270«00 

1«0608000 

22-80351 

8-041«5 

-0019231 

521 

271411 

141420761 

22-h2:)42 

8-04660 

•0019194 

522 

272484 

142236648 

22-84732 

805175 

•0019157 

523 

273529 

143055667 

22-86919 

8-05689 

•0019120 

524 

274576 

143^77824 

22-89105 

801-202 

•0019084 

525 

275625 

144703125 

22-912^8 

8-06714 

•0019048 

526 

276676 

145531576 

22-93469 

8-07226 

-0019011 

527 

277729 

146363183 

22-95648 

8-07737 

-0018975 

528 

27 8 "84 

147197952 

22-97825 

8-08248 

•0018939 

52U 

279841 

148035889 

23-00000 

8-08758 

•0018903 

530 

280900 

1«8877001 

23-02173 

8-09267 

•0018868 

531 

281961 

1.19721291 

23  04344 

f<()9776 

•0018832 

532 

283024 

150568768 

23()b512 

8-10284 

-0018797 

533 

284089 

I5l4l!>437 

2308679 

810791 

-0018761 

5rJ4 

285156 

152273304 

2310844 

8-11-298 

•0018726 

535 

286225 

153130375 

23- 13007 

811804 

•0018691 

5.-6 

28729) 

153990656 

2315167 

812310 

•0018657 

537 

288369 

154854153 

23-17326 

8-12814 

•0018622 

538 

289444 

155720872 

23-19483 

8-13319 

•0018587 

539 

290521 

156590819 

23-21637 

8-13822 

•0018553 

5«0 

291600 

187«6ftOOO 

23-23790 

8-1*325 

•0018518 

511 

29268 1 

158340421 

23-25941 

814828 

•0018484 

542 

293764 

159220088 

23-28089 

8153-29 

•0018*50 

543 

294849 

160103007 

23-30236 

8- 15830 

-0018416 

544 

295936 

160989184 

23-32381 

8- 16331 

•0018382 

545 

297025 

161878625 

23-34:)23 

8  16831 

•0018349 

546 

298116 

162771336 

23-36664 

817330 

•0018315 

547 

299209 

163667323 

23-38803 

817829 

0018281 

548 

300304 

164566592 

23-40940 

8-18327 

•0018248 

549 

301401 

165469149 

23-43075 

^       8Vftft\i\ 

i;      •Wi\'^lV^ 

\ 

^ 

^H 

^^H 

■ 

^^^^1 

■ 

^^^^^1 

^^^H 
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TABI.X:  or 

SQITAK£B,  CTTDES,  Air 

_1 

CVBB  BOOTS— cofl(iRH«J. 

E 

Siu.«.. 

C.,^ 

Squhii-  RcoU. 

CulM  BODU. 

SBO 

30ZB00 

16S375OD0 

23'ftS20B 

8-1,9321 

•aaxaim 

551 

167284131 

23'47339 

<i98i: 

-0018  m 

552 

168l9e6US 

23'49468 

■0018111 

30:.9O9 

169112377 

2.1-51595 

■OOIBOB 

30U916 

170031464 

S3  53720 

■00180S 

3119025 

170953875 

33-55844 

8-31796 

■001B>iI 

3U9ia6 

171879616 

8-22290 

•001798 

55; 

3II1S49 

173808693 

8-22782 

-001 7M 

558 

311361 

173741112 

3362203 

8'2337S 

•001791 

5S9 

312481 

174076879 

23'643I8 

8-2376S 

■OOITM 

B«0 

SIMOO 

17BS1600O 

a3-«a«sa 

a-aaaBT 

•OOIVBI 

961 

3147S1 

1765S84S1 

23-68  S  44 

8-24747 

•OOtTM 

315844 

I7r504.'i2» 

8-35237 

■001 7T9 

&G3 

316969 

178453647 

23-72763 

8-2S726 

■001 TTI 

SM 

319U96 

179406144 

2.1'74868 

8-20215 

■O0I773 

565 

319WS 

190.'l6aia5 

33-76973 

8-26703 

■O0I7U 

SGB 

3211356 

181331496 

33-79076 

8-27190 

-OOtTM 

567 

321489 

182284363 

33-81176 

8-27677 

■001 7C3 

SG8 

3;J9624 

183250432 

2y832T3 

8-28162 

■001 7«M 

&G9 

323761 

184220009 

23-85372 

8  2RG49 

■0017575 

no 

3a«BDO 
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559476224 
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9-45780 
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Num. 

Squares. 

Cubes. 

Square  Roots. 

Cut»e  Roots. 

Reclprccsla. 

900 

1 
810000 

729000000 

80*00000 

9-65889 

•OOlllU 

901 

1  811801 

731432701 

30  01666 

965847 

0011099 

902 

813G04 

733870808 

3003331 

966204 

•0011086 

903 

815409 

736314327 

30*041»0<i 

9  06561 

•0011074 

904 

817216 

738763264 

3006  G.VJ 

966918 

-0011062 

905 

819025 

741217625 

30  08322 

9-67274 

•0011050  • 

906 

820836 

743677416 

5009983 

967630 

-0011037 

907 

822649 

746142643 

30  11644 

9-67986 

-0011025 

908 

824464 

748613312 

30  13304 

9-68342 

•0011013 

909 

82(5281 
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30- 14963 
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30*16621 

9-690S2 
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-00 10'.)  7  7 
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831744 
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•0010965 
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833569 

761048497 

30-2 1589 

9-70116 
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835396 
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30-23243 

9-70470 

•0010941 
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837225 

766060875 

30-24897 

9-70S24 

•0010929 

916 

839056 

768575296 

30-26549 

9-71177 

•0010917 

917 

840889 

771095213 

30-28201 

9-71530 

•0010905 

918 

842724 

773620632 

30-29851 

9-71883 

•0010893 

919 

844561 

776151559 

30-31501 

9-72236 

•0010881 

920 

886800 

778688000 

30*33150 

9*72589 

-0010869 

921 

848241 

781229961 

30  34798 

9-72941 
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922 

850084 

783777448 

30  36445 

973293 

•0010846 

923 

851929 

786330467 

30*38091 

9  73645 

*0010834 

924 

853776 

788889024 

30-39737 

9-73996 

•0010822 

925 

855625 

791453125 

30-41381 

9-74347 

•0010811 

926 

857476 

794022776 

30-4.3025 

9-74698 

•0010799 

927 

859329 

796597983 

30-44667  ; 

9-75049 

•0010787 

928 

861184 

799178752 

30-46309 

9-7.5400 

•0010776 

929 

863041 
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30-47950 

9-75750 

KK)  10764 

930 

864900 

80*387000 

30*«9590 

9*76100 

•00107S8 

931 

866761 

806954491 

30-51229 

9-76450 

•0010741 

932 

86S624 

809557568 

30-52867 

9-76799 

•0010730 

933 

870489 

812166237 

30-54505 

9-77148 

•0010718  1 

934 

872356 

814780.504 

30-56141 

9  77497 

•0010707  ! 

935 

874225 

817400375 

30-57777 

9-77846 

•0010695 

936 

876096 

820025856 

30-59412 

9-78295 

•0010684 
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877969 

822656953 

80-61045 

9-78543 

•0010672  ' 

938 

879844 

825293672 

30-62678 

9-78891 
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939 

881721 
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30-64311 
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•0010650 
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30*65942 

9*79586 

•0010638 

941 
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8^3237621 

3067572 

9-79933 

•0010627 

942 

887364 

835896888 

30-69202 
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-0010616 

943 

889249 

838561807 

30-70830 

9-80627 

•0010604 

944 

891136 

841232384 

30-72458 

9-80974 

-0010593 

945 

893025 

843908625 

3074085 

9-81320 

•0010582 

946 

894916 

846590536 

30-75711 

9  81666 
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947 

896808 
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30-77336 

982012 

•0010560 

948 

898704 

851971392 

3078961 

9-82357 

•0010548 

949 

900601 

954670349 
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»S5 

970235 
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973196 

9-95311.       -OOlon-; 
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995048 
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9BB 
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-00101 II 
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9-97996 
9-9SS.10 
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■OOIWW 
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938047936        3I-S594T 

9-9Sfi65 

■OOlMtfl 

997 

M4«» 

991036973        31-57531 
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lO-OOOOO 
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•0910000 

00099900 
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IOII<>OI20l« 

3I6.''439 

00099801 

10(0027027 

31-67017 

10  00999 

-00099701 

111  12048064 

3168S96 

10  01-131 

00099601 

101507Sn5 

31-70175 

10  01664 

-00099502 

iiK)e 

1018108216 

31  717.-.0 
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-00099408 

IU14U49 

1021147.143 

31  73326 

■00099305 
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31  749111 
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*i'7ao:o 
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-00098912 
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1136433728 
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-00098717 

nwmai; 

HI41S90744 

31  ■8433- 
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-00098619 
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■00098529 

lUIG 

llWIi.16 
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31  (.7475 
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■00098425 
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1014389 

10M(17I9I3 

31  ■891144 

iaO.-.635 

O0098338 

lUIS 
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|I):)4977S32 
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10-05964 

-00098232 

I03satii 

1058089859 

31 '92 178 
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losisoaooo 
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ooossoxv 

1042441 

1064332261 

3r95:)09 

1006951 

-00097943 

1044484 

106746264B 

31-96873 

1OO7280 

-00097847 

1046.^29 

1070SB9IG7 

8198437 

1007609 

-00097752 

l04».-,76 

1073741824 

42-00(8X1 

I0«793; 

■000976.'.6 

lOSOFiaS 

1076890625 

32-01562 

I0-0826.-i 

■00097561 

I(i:i6 

10,W676 

10MNI43576 

32-113123 

■0009746  G 

1027 

1054729 

I0'<3:!06683 

-0009737 1 

1028 

10Sfi784 

1086373952 

00097276 

1029 

I0.WH4) 

3-J-078O3 

-<  0097182 

i030 

losovoo 

»0»37ZTOOO 

32-093S1 

10.09902 

•OOa*70S7 

1062961 

-00096993 

103a 

106.VI24 

1099104768 

-O0U9G899 

lo:i3 

1067089 

1102302937 

32-14032 

■OO096805 

1014 

IDKMSe 

1 105:107304 

32-15587 

■00096712 

1015 

I0713*:. 

1108717873 

3217147 

■000966  IB 

10.^6 

107M96 

iniO:U636 

32-18695 

10  11859 

■00096525 

103- 

lll5ia76.Vt 

3S«)248 

IO-1-JI84 

■00096(32 

in3S 

!o7744i 

1I183!.6M72 

32-21801 

10-12510 

■00096339 

I'm 

1IJH122319 

3a-23132 

10-12834 

■00096246 

lOftO 

lO*l«0O 

iia«a6«ooo 

92>aft»01 

ie-isis» 

■OOOVCIU 

1<MI 

10S368I 

nasi  1192 

.12-26453 

10-12 

108  A  7  64 

1131366088 

32-i8UO-J 

10-13808 

■Ol)095»61 

1IJ43 

113464650- 

32-29551 

10-1413; 

■00095877 

IIU4 

1137893184 

32-31099 

■00095785 

1049 

114116612S 

3232646 

10-1*780 

-00095694 

1046 

I09411G 

114444.^336 

32  34192 

10-15104 

1047 

109621)9 

114773082^ 

32-35738 

101542- 

-00095511 

1048 

1098SU4 

32-37283 

1049 

110040 

115432004' 

32-38827 

10-16073 

-U009532t. 
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lOBO 

IIOZSOO 

11S7GZ5O0O 

3x-*ana 

xo-iea«« 

'OOMsaii 

n 

1104(.r> 

llfiu9:i.',C5 

334191. 

10-1677* 

■00095147 

loca 

1H1C704 

11642W60S 

32-43.55 

1017041 

•OOOJSOS 

32-+199C 

10-17363 

■000»4« 

lOS* 

liiuyiB 

10  17683 

■0IWMS7 

1055 

1174241375 

32-48076 

10-18007 

■00a»47« 

lose 

1177SB3elG 

?3'49613 

1018329 

J0M469 

10S7 

1 1 80033 1 S3 

3231154 

10-18650 

loss 

1184387112 

32-5369 

10-19971 

I0S9 

1187648379 

32-54338 

10-19392 

io«o 

1123600 

U9101S0O0 

S^SBtCS 

10.19BX3 

loei 

1194389981 
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Acidulated  u-atcr,  action  of  in  boilers,  231 
Action  of  lever  illustrated^  32 
Action  of  wedge  expbined,  23 
Action  of  Watt's  land  ennne,  toa 
Adhcjuon  of  new  and  old  oeU.H,  203 
Adhesion  of  wheels  to  raiU,  279 
Advantages  of  steam  jackets,  254 
Advantages  of  pumps  and  injectors,  com* 

parative,  292 
Aovantages  of  paddle  and  screw  vessels, 

comparative,  308 
Advantages  of  different  kinds  of  screws, 

Air  rushing  into  a  x-acuum,  5,  7 

Air,  amount  of  required  for  combustion,  56 

Air,  constituents  of,  56 

Air,  effect  of,  in  water,  243 

Air  in  cylinder,  to  get  rid  of,  243 

Air  heated  b)'  compression,  449 

Air,  exponMon  of  by  heat,  548 

Air-pamp,  function  of  the,  4 

Air>pump,  formed  with  working  barrel, 
^,  10 

Air-pomp,  Sprengel's,  1 1 

Air-pump  valves,  shock  of,  139 

Air-pomp,  dimensions  of,  188 

Air-pump,  single  acting,  t88 

Air-pumps,  double  acting,  188 

Air-pump  for  0!«cillating  engines,  351 

Air-pump,  details  of,  260 

Air-pomps,  shock  in,  261 

Air-pump,  woodcut  of,  263 

Air-pump  valves,  262 

Air-pumps,  double  and  single  acting,  265 

Air-pump  of  Prnn's  oscillating  engme,  345 

Air-pomp,  connecting  rod,  and  crohshead, 
Penn's,  y^ 

Air-pump  of  horizontal  enj{ine,  361 

Air  and  gas  engines,  main  difference  be- 
tween, 443  ^ 

Air  compresMng  pumps,  no  loss  from,  446 

Air  engine,  Stirling's,  461 

Air  engines,  theoretiaU  power  of,  446 

Air  engine  by  Wrede,  4^ 

Air  engine  at  Dundee  Foundr>%  526 

Air  engines,  inherent  impediments,  535 

Air  vesMU,  benefit  of,  194 

Air  vessels  on  pumps,  246 

'Alaska,'  S.S.,  by  John  Elder  and  Co., 

311 

*  Alaska,'  boilers  of,  373 


AXL 

'  Alaska,'  engines  of,  374  ^ 

Albion  Alills,  Watt's  engine  at  the,  93 

Albion  Mills,  performance  of  engines  at, 

ifio 
'  Alecto '  and  '  Rattler,'  experiments  with, 

.Vlkali  to  prevent  corroMon  in  bculers,  33a 
Allan  Line  steamer  *  Parisian,'  366 
Allcock,  gas  engine  by,  501 
Alloys,  various  useful,  430 

*  .\lma,'  engines  of,  358 

Allona  Waterworks,  engines  at,  348 
American  locomotive,  133 
Amount  of  slip  in  screw  vessels,  307 
'Amphion/  engines  of  H. M.S.,  353 
Ancients,  steam  known  to  the,  70 
Anderson's  guncoltoo  engine,  406 
Anderson's  carbolic  oxide  gas  engine,  467 
Anderson's  lighting  in  gas  engines,  5x0 
Andrew,  gas  engine  by,  531 
Aneroid  barometer,  8,  9 
Angle  iron  in  l)oilers,  217 
Anthracite  cool.  57 
Appold's  centrifugal  pump,  413 

*  Archimedes,*  cause  of  explosion  in,  333 
Arc  of  valve  of  oscilkiting  engines,  353 
Area  of  port  for  modem  engines,  186 
.Vrea  of  ports  of  locomotive,  186 
Areas  and  circumferences  of  circles^ss^ 
Arms   of  governor,  length  of,    afiecting 

speed.  40 
Arms  01  screw,  usual  number  of,  115 
Artificial  draught  for  boilers,  i6a 
Asbestos,  a^ed  in  liners,  356 
Ash  box  of  locomotives,  336 
Atkinson's  gas  engine,  497 
Atlantic  steamers,  details  of  engines  of, 

212 
Atlantic  steamerv,  high  speed,  383 
Atmosphere,  height  of  the,  6 
Atmosphere,  homogeneous,  m<Kining  of,  6 
Atmospheric  resistance  on  railways,  379 

280 
Atoms,  matter  composed  of,  13 
Attraction  iKtween  glass  and  water,  30 
Aveling  and  Porter's  road  roller,  410 
Average  pressure  of  steam  used  expan* 

Axle    Dealings  of  locomotives,    how    ar> 

ranged,  387 
Axle  boxes  of  locomotives,  387 

QQ 


BbU  T*Ivei  In  fesd  ponpi,  990 
Barber**  gai  enBiEic  in  itqi.  452 

Kantetl^  gxi  snginc,  with  ligh  ting  cock ,  «tt 
ItBTid  or  locomocivE  bonir,  dcnSh  of,  gjs 


mi,  strength  oT,  51 

m  ondihillf.  Ibk  of  ilnnglh  in 


Ekaring^ariotiomvuvc  a 


DMchty,  (M  tngine  by.  498 
M«ch«jFiinipn)Tiracnliii  ms  on((inM,  sia 
Hclgian  locomotivo,  Paris  Exhibilian,  ito 
Bel!,  Heory,  builder  oT  Iht '  Cama,'  iii£ 
BclUonl'i  gu  engine  with  inlcrmediiiM 

««r,  in  .BS4.  467 
Helt  and  rope  ecannE,  r<^ 
Kelt  icearinB,  proporuoiu  employwi  in.  grtr 
Kelts  driven  from  the  prime  mover,  hon 


id  hiEh  speed  r 


id  ftpeed  of,  for 


TIcndlnr  i>rH;reiiv4hafl,  71 


amngth  and  Uffbcnesf  coi 
Belt  fVinn  tff  screw^batt,  at 
Hinnchop't  cat  engina,  481 


Blow^ffeoL 

HLaw-lhrgUfth  ^ve,  vkoT 
Blowinj-offin        '      "   ~ 


K<dlerv,  lorpcdD-bo 
ii_T,  n  for  Und  etwinca,  Usb^ 
i»  of  ■  Great  Euiem,  j« 
Boiler  of  torpedo-boat.  jjj.  37I 

.  e;deuiik^)(s    1 

BoIlnlarnKe,  tempentmoC  mJiM 
Bolls  for  boJws  j<*  T 

Boltt.  proper  propc 
Bonng  eylinfier^  4 
Boacovicn'thTpodicMt  rc^rdinjt  aovo,  it 

B«iit<^dn^ii-t™b%!MiT-»h>).s 

Koulion  and  Wan'i  ude  lever  eiwioM*- 

BOiplinD  bT,  108 
Bmitton  and  WaltV  | 


Krew  of   Pelican,  hd 
IVninte'.  leed  rack.  iR* 
Ik^iTne'i  aqnUibratintf  rinK  aii 
l(our<>e.  J.  Be  Co't.,  Snct  ao^  1 
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Bni<i.s  sheet  for  packing  stuf[ing*box,  235 
iSrass  for  air-pump,  264 
Hrass  UMd  for  bearings,  composition  of,  429 
Kra>ton'K  petroleum  engine,  478 
I>reast  wheel,  538 
i>re.>.>on's  rocket  engine,  463 
IJridge  in  torpedo-boat  boilers.  239 
Bridges,  furnace  of  marine  boilers,  219 
Brown's  gas-vacuum  engine,  449 
Brunei's  engine  worked  by  products  of 

combustion  in  1822,  458 
Bucket  ofMngleactingpump,  valves  in,  189 
f'ucket  and  plunger  pump,  247 
Bucket  valve  in  air  pump,  260 
Buckling  of  oscillating  c^'linderx,  232 
Building  for  pumping  engines,  242 
Bull's  gas  engine,  523 
Bursting  velocity  of  ca.Ht-iron  balls,  36 
Bursting  velocitv  of  railway  tire:*,  37 
Bushes  in  cylinders,  256 
Bu.shes  in  cylinders,  to  remove  ,"2  56 
Butterfly  valves  on  air-pump,  260 


Caldwell's  hydrocarbon  engine,  478 
Caloric  engine  \y  Ericsson,  in  1826,  439 
Caloric  engine,  improved  form,  460 
Caloric  engine,  performance  of,  327 
Calorimeter,  meaning  of,  134     ^ 
Calorimeter  of  flue  and  locomotive  boilers, 

166 
Canal  boats,  323 

Canals,  resistance  of  the  *  Etoilc'  in,  324 
Cap  of  Penn's  oscillating  engine  piston  rod, 

348  . 
Capacity  of  flue  in  flue  boiler,  to  deter* 

mine,  15^ 
Capacity  of  feed-pump,  rule  for,  193 
Capillaiy  attraction,  17 
Carbon    separable    from    atmosphere    by 

force,  16 
Carbonate  of  lime  in  marine  boilers,  223 
Carbonic  oxide  gas  engine,  467 
Carbonic  oxide  engine  by  Million,  47<-> 
Carbonic  oxide  engine  by  Pascal,  470 
Carbonic  oxide  furnace,  5x4 
Case  hardening,  how  to  accomplish,  428 
Case  hardening,  538 
Casing  round  chimney  for  water,  233 
Casing,  valve,  to  attach  to  cylinder,  234 
Casing  of  CN'linders,  234 
Cast  iron  fly-wheels,  proper  ({uantity  of, 

35 

Cast  iron  c>-Hnders  compared  with  double- 
riveted  wrought  iron,  strength  of,  173 

Cast  iron  gudgeon,  to  compute  strength 
of,  X96 

Cast  iron  beams  of  land  engines,  proper 
strength  for,  196 

Cast  iron  c<dumns  for  pumping  engines,  244 

Cast  iron  for  blow -on  pipe,  270 

Cast  iron  gland  on  waste  water  pipe,  271 

Castings,  shrinkage  of,  allow.nnce  for,  337 

Cataract,  old  form  of,  87 

Cataract  in  engines,  use  of,  149 

Catches  on  eccentric,  260 

Caulking  boilers,  215 


CON 

Causes  of  priming,  1 70 

Cavag^'s  gunpowder  engine,  467 

Cayley  s  hot  air  engine,  527 

Centre  of  percussion,  38 

Centre  of  pressure  in  paddle-wheels,  303 

Centres  o!  gravity,  g>Tation,  and  osciria- 

tion,  37 
Centrifugal  force,  35 

Centrifugal  force,  r«le  for  determining,  36 
Centrifugal  pumps,  412 
Centripetal  force,  35 
Chase-water      engine,       description      of 

Smeaton's,  84 
Chimne>-s  of  boilers,  167 
Chimney  for  marine  boilers,  222 
Chimneys  on  small  river  boats,  223 
Chimney  of  locomotives,  236 
Church's  combustion  engine,  463 
Circles,  circumferences  and  areas  of^  ^55 
'  City  of  Canterbury,'  Boulton  and  Watt'* 

engines  for,  108 
'  City  of  Ix>ndonderr>-,' experiments  with 

cooling  pipes  in,  262 
Clark,    I).    K.,  experiments    on   outside 

cylinder  locomotives  b>-,  133 
Classification  of  engines,  i 
Classification  of  torpedo-boats,  329 
Clapton's  engines^  402 
Clayton's  gas  engine,  3x2 
Clerk's  gas  engine,  486,  302 
Clinkers,  removing,  220 
Coal,  constituents  of,  36 
Coal,  evaporati\x  efficacy  of  a  pound  of,  57 
Coal  dust  furnace,  3x4 
Cocks,  gauge.  3 
Cocks  for  feed  water,  233 
Cock  for  emptying  boiler,  237 
Cocks  on  engines,  form  of,  267 
Cocks,  injection,  form  of,  269 
Coefficients  of  performance  of  vessels  in 

Boulton  and  Watt's  experiments,  299 
Coefficients  of  performance  in  Boulton  and 

Watt's  experiments  established,  301 
Coefficients  of  performance  of  screw  vessels, 

Cohades*  gas  engine,  467 

Cold  engine,  external,  ^44 

Collecting  vessels  in  boders,  use  of,  171 

Collecting;  vessel,  action  of,  339 

Combustion  liberates  force  stored  in  carbon 

by  sun  J  x6 
Combustion,  36 

Combustion,  amount  of  air  required  for,  57 
Combustion,  slow  and  rapid  compared,  59 
Combustion  engines,  various^  463 
'  Comet,*  a  paddle  steamer  built  by  Bell,  106 
Compound  engines,  2XX 
Compound  land  enjgine  of  marine  type,  34a 
Compound  oscilbtmg  engines,  343 
Compound  engines,  marine,  363 
Compound  locomotive,  394 
Compressing  pump,  no  Toss  from,  446 
Compressed  air  becomes  hot,  449 
Compressed  hot-air  engine,  466 
Concentration  of  salt  water  permissible,. 

226 
Concentric  corrugations  in  aneroids,  8 
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ler,  function  of  (be,  4 

CaoddHir,  b  Wnii'i  tuid  engine,  n 
CondcBHSi,  lurGice,  in  nuHiK  flngini 
f^andfliHr,  cooling  wrfocc,  Hnonni  t 
T,  Hnll't  pindplc  of,  19a 


Condarucit,  inMeHfi]  of 
Condenierof  Penn'sDK 
Condeitiing  engine,  dcf 


ConnKlmK-rodi 


I 


engine,  jCo 

(;SSm^"c™  nfi1Mev»lYej,JsS 
Conuuning  tnoke,  metlwda  of,  6a 
Contnction,  unetjiial,  oFcylinden,  =55 
Cooling  nufoce  m  condenser,  omoani  o\ 

CwHog  of  cyJInden,  conlTBclion  on,  sjj 
'  CD[Hapo'  locomotive,  134 
Copper  wire,  uied  on  linen,  9J& 
Copper  for  iteom  jripei,  370 
Cnrn^  power  reouired  to  gncul,  416 

Conii^  boiler^  deictiption  of,  gfl 

Corniih  engines,  economy  of,  34B 
CoTTOAon  of  mAJinc  boiltrs,  109 

CoTToHion  In  bulencauscd  woil,73i 
Corrodon  in  boiler,  remedy  for,  332 
ComigMed  dlic  for  laroineler,  8,  0 
.>  __.  ._._,ir  -■---•--, pBrijExhibiiioo 


^rru^ioa  ofdiell  ofboilf 
::dk  of  traction  i 


^!r^^'i% 


CoBnler-weighi  in  lingle-icting 
Counter  WHihK  10  baluce  m 
inWueedVJ.B'«™.3i8 

Conpbng-cnnki,  36^ 


Cmnli  Mtb,  rule  for  ihicknes  el,  in  B> 

Cranti,  ID  etiuBale  Lfae  efficacy  of,  in  I 

ingaihAfl,  9qS 
Cnink-i)ani  of  iKd,  9  T I 
Crnnlu,  fomuklion  of,  er^ 
Crank  ihafkt,  holUw,  114 
Cnnltin  interTnBdi*M«1uin,asa 
Crank^nn,  IdTt  and  tocket,  ajv 
Cruiked  aile  of  locomolivea,  '-— 

Ciuk-ihaFk  ofPeDn'tDtciUatiiva-, 

Crank-fnn  of  )ugh-4pc«d  caginc,  jj 

Crank-^n,  if  &olien|  *>lut  to  do,  ^ 
Cnuiti,  or  shnfl,  if  cndcMl,  vhai  w 
'  Crinoforo  ColombOj'  engnm  sf.  3 

Crooks,  radiotn 


d  by  paJdfe  A 


Cyiuidenaf  iKcilUling  1 

Cylinder  «de  rods  of  m 

tar  diimeier  of,  104 
CyUodvi,  dl  for,  in 
CyUndei*,  lagei  ridafa 
C^  nden,  elt^ical,  aji 
Cyitnden  of  su!c  lever  n 
Cylinder  casing,  jh 
Cyuaaat,  onequiu  conn 
Cylmden,  liners  in,  116 
Cylinden  of  loconudm 
Cyimderi,  how  10  bore, , 
Cylindera  of  tt^un  engii 


Cylindrial  boiien,  ro  pr^mre  r 

urengih  for,  itS 
Cylind^cal  boikn  willi   c 

nacer.Hrennhnf,  17« 
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DAV 

Davey's  gas  engine,  5 1 2 
Deep  mincjt,  pumps  for,  315 
Defects  of  gauge-cocks,  369 
Definition  of  mechanical  powers,  31 
Deflection,  influence  of  to  increase  strain, 

De  Kabath's  gas  en^ne,  5 1 7 
Delivery  valve  on  air-pump,  260 
Densities,  volumes,  rates  of  expansion,  and 

specific  heats  of  gases,  547 
Density  of  salt  water.  336 
Deposit  from  mineral  oil,  333 
Details  of  waggon  boiler,  97 
Detaib  of  engines  of '  Alaska,'  312 
Determination  of  strains,  30 
Diagrams  of  indicator,  how  to  read,  145 
Dis^^ram  of  strains  on  crank-shafts,  310 
Differences  of  temperature,  power  produ- 
cible by,  ^3 
Different  kmds  of  falling  bodies,  velocity 

of,  32 
Different  kinds  of  pistons  used  m  locomo* 

tives,  385 
Differential  steam  j^auge,  328 
Dimensioas  of  flue  in  waggon  boilers,  155 
I^rect-acting  screw  engines,  115,  353,  357 
Dirty  water  in  marine  boilers,  339 
Discharge  and  foot  valves,  dimensions  of, 

Discs  instead  of  cranks,  353 
Disc  valve  for  air-pump,  363 
Disc-cranks,  361 

Diseni^aging  cranks  of  screw  engines,  363 
Dissociation  from  sun's  ra>*s,  16 
Dissociation  in  gas  engines,  450 
Divisibility,  dennition  of,  13 
Donkey  engine  to  feed  boiler,  334 
Donkey  engines  to  work  feed  pump,  393 
Double  riveted  iron  boiler,  rule  for  proper 

thickness  176 
Draught  regulator  in  waggon  boilers,  98 
Draught  forced  in  boilers,  162 
Draught,  mode  of  regulating,  165 
Dredging,  power  required  for,  418 
Driving  arm  of  feathering  wheels,  354 
Driving  piles,  power  required  for,  418 
Dudgeon's  expanding  mandril,  238 
Dundonald's  screw,  316 
Duty  of  engines  ascertained,  141 
Duty  of  engines,  what  meant  by,  141 
Duty  meter,  use  and  structure  of,  150 
Duty  of  Cornish  engines,  248 
Duty  of  gas  engines,  528 
D>'namometer,  use  and  nature  of,  147,  310 


Easton's  centrifugal  pump,  412 
Eccentrics,  how  used  and  made,  339 
Eccentric  hoops,  material  of,  360 
Eccentrics  of  locomotives,  38^ 
Eccentric  and   rod  of    Pcnn  s  oscillating 

engine,  351 
Economy  of  Cornish  engines,  348 
Economyof  high  temperatures  in  cylinders, 

254 
Economy  in  st«im  \-essels,  322 

Eduction  trunnion,  hollow  brasses  for,  352 
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Edwards'  combustion  engine,  463 
Edwards'  air  engine,  ^70 
Edwards,  ff^s  engine  oy,  498,  505 
Efficacy  of  crank  in  turning  a  shaf^,   to 

estiniate,  308 
Elasticity,  limit  of,  in  iron,  48 
Elasticity  of  steam  at  different  tempera* 

tures,  64 
Elder,  J.  and  Co.,  marine  boilers  by,  372 
Elder,  J.  and  Co.,  marine  engines  by,  374 
Electricity,  nature  of,  14 
Electric  spark  for  lighting  gas,  proposed  in 

1801,  453 
Elliptical  cylinders,  251 
Emmet's  gas  engine,  509 
Emptjnne  locomotive  boiler,  337 
End  studs  of  land  beam  engines,  dimen- 
sions of,  196 
Energy  of  fly-wheel,  mechanical,  34 
Engines,  classification  of,  i 
Engine,  condensing,  i 
Engine,  high  pressure,  definition  of,  i 
Engine,  low  pressure,  definition  of,  i 
Engine,  rotative,  definition  of,  i 
Engine,  rotator)',  definition  of,  i 
Engine,  single-acting,  definition  of,  i 
Elngine  power,  definition  of,  15 
Engines,  expansively  working,  68 
Engine,  description  of  Homblower's double 

cylinder,  88 
Engines,  proportions  of,  181 
Engines,  rules  for  strength  of,  at  all  pres* 

sures,  303 
Engines  of '  Alaska,'  3x3 
Engine,  pumping,  to  start,  343 
Engines,  performance  of  pumping,  347 
Engines  by  Hawthorn,  350 
Engines,  trunk,  wasteful,  352 
Engines,  screw,  best  forms  of,  353 
Engines,  horizontal  steeple  screw,  353 
Engines,  directing  acting  screw,  353 
Engines,  how  secured  to  hull.  376 
Engines,  when  loose  how  to  fix,  377 
Engine,  high  pressure,  high  speed,  340 
Engines,  marine  compound,  363 
Engines  of  torpedo-boat,  381 
Engines,  marine,  weight  of,  per  h.-p.,  383 
Engines,  agricultural,  399 
Engines  by  Clayton,  403 
Engine  for  ploughing,  by  Garrett,  405 
Engines,  how  to  erect,  410 
Engines,  management  of,  43^ 
English  locomotives  at  Pans  Exhibition, 

139 
Equalising  action  of  fly-wheel,  3 
txiuilibrium  of  fluid  pressure,  \-j 
Equilibrium  of  weight  on  inclmed  plane, 

23.  .     . 
Equilibrium  expansion  valve,  76 
Equilibrium  valve,  345 
Equilibrium  slide  valves,  358 
F^uilibrium  in  high-speed  engines,  358 
Erection  of  engines,  430 
Erection  of  pumping  engines,  343 
?>ection  of  oscillating  engines,  431 
Ericsson,  John,  introduced  the  screw,  106 
Ericsson's  engines  for  vessels,  118 
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*  KtviH,'  cjcpcriiDcntB  with  th«»  393 
Kv»orjtlion,  i»wcr  gcneraHd  rebiively 

KvHpOniive  efficacy  ofajiouTK!  of  coal,  57 
l^vapaniiw  power  nf  diflercnl  boikn,  1 0 


l^pumion  hy 

E}:piuuisD  Ap 
ExpuiMon  in 
Ekpfm^onof 


•*'  . 


"/,<???•  i 


Kxpaiulon  ofair  by  fiu^  n 
Kl^l^Kly/beKli  a?  wprk' 

ExplukBt'iDn  or  hydraulic  pr 
l-:ipl«>«><ofbailcni,au<« 
Enplmioni  of  boiliis,  precai 

EnploHoo  tn  H.M.S.  'Thi 
of,  >&> 


FflCMorvilvtiinilcyliiHler,  41* 
Pacct  oC  v«]v«,  maicHaU  Tor,  41I 
Kalliiil  bsdiu,  velociiy  of,  31 
Fa«MB  jBHon-rod  tu  piBon,  iq,  >s7 
Fucct  JoEnifl  dn  tleojacrs,  770 
FbuIu  in  UT  pumpi,  164 
Feftitmiog  flnti,  meudng  of.  107 
FatherinE,  ncdiuium  for,  its 
Fmthiring  paiWIe  wheeK  554 
FMdidg  fomaee,  importance  uf  self 
Feed  pump,  mode  oT  dttenniniiig 


Feed  HlEr,  where  iniroduiHl.  >i 
Feed  pumpi,  Thomeyeroft'k,  «^ 

Feed  pump*  in  Icaniatives,  3^ 


Fieldblg'ft  gu  eo^DC^  511 
Fire>bo«e(  of  looMnaun  bo 
Fire-ban  in  locoooltve,  n& 
Flrc'box  Dftorpctki-bou  inilerfh  v^ 
Fire-hoiaf  lociHUMiT^  detiuk  04731 

Fiiini  lunuoev,  nicf  Tuad  of,  ji 

FitUoc  mvine  engliba,  i — 
Fining  Hcnv  on  qhafi,  ly-  ^^^^ 

FUoBa  oTcyLinden,  tarvln  uvofi^^^H 
Flaw!  ia   i:y)iiiden   «    ntns.  k*  M 

remedy,  ♦jr 
rloalB  m  boikn.  U4C  of,  149 
I'loaig  10  regulate  inter  level,  t^ 
Floau  of  (addle  wheals,  pnpa  (ue  A 


"1 


Flue  round  cyUndtr,  >»  ^^^1 

Flaid  pRbure,  ig  ^^^| 

Klnid  prenurc,  ««:i:i.j 1  — 

Fly-wGeel.  funclic 

Fly.wbcel,  sii  Wi 

Fly-Weel,  Boullr 
F^-wheebs  prgp 


idlon   Bod  Wut't   rak  fcl 
■gper  quantity  of  «.  i.P 


Fi»<'ptnind_,  meaning  od 
Foot  nod  diftchar^  vaJi 

Fool  ™lvei  on  air  pumm  >6d 
Foot  and  inch,  decimal  ptuu , 

5.3,., 


s,  parallelogram  a 
,  «nirifug»l.  jj 

'^itnguli 
cucgingcnnk  thaft,  _^_ 
Foolis,  KU  cnguK  by,  «• 
FouliL  ifniler  tor  gu  en 
FottDdalum  for  jHttopin 


Force' 
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French  locoinotive«,  129 

Friction,  definition  of,  43 

Fricti(»i,  laws  o(L  43 

Friction,  ratio  of,  to  velocity,  43 

Friction,  expenments  on,  4^ 

Friction,  force  expended  in  o>'erconrinK, 

43  . 
Faction  of  bra<M  surfaces  in  salt  water, 

Summers'  experiments  on,  45 
Friction  of  rough  surfaces,  45 
Friction  on  the  bottom  of  vessels  is  chief 

resistance,  206 
Friction  of  surtacei»  in  water,  Froudc\  ex* 
.  periments  on,  207 

*  Friedland,'  engines  of,  117,  253 
Froude.  experiments  on  flow  ofair  by,  7 
Froude  s  experiments  on   friction  of  sur- 
faces in  water,  297,  327 

Fuels,  evaporative  power  of  different,  58 
Fuel  used  by  Comish  engines,  248 

•  Fumific  impeller^'  by  Gordon,  466 
Funnel,  divisions  in,  33a 
Funnels  on  hinges,  333 

Funnel,  locomotive,  height  of,  237 
Furnaces,  method  of  firing,  58 
Furnace,  Jucke's  self-feeding,  62 
Furnaces  of  marine  l>oilers,  318 
Furnace  bridges,  benefits  of,  319 
Furnaces,  buckled  by  heat,  220 
Furnaces,  shape  of  rectangubr,  220 
Furnace  and   tubes,    space    ))etween,   in 

marine  boilers,  224 
Furnace,  stay  bars  in  locomotive,  236 
Furnace  of  boiler,  temperature  uf,  448 


Galloway  boiler,  description  of,  335 
Oardie's  gas  engine,  523 
i'iarrett's  ploughing  engine,  405 
Gas  and  air  engines,  main  difference  be- 
tween, 443 
Gas  vacuum  engines,  449 
Gas  engines,  chief  inducement  to  their  use, 

450 :  losses  in,  450 
Gas  engines,  defects  of,  450 
<ras  engine  resembles  a  ^un,  451 
Gas  engine,  by  Wright,  m  1833,  464 

<  ias  engine  hy  I^noir,  467 

Gas  engine  with  carbonic  oxide,  467 

Gas  engine  by  Siemens,  469 

Oas   engine,  Otto's    original    form,   476: 

present  form,  477 
Gxs  engine  by  Hivschop,  481 
<ras  engine  by  Hallewell,  482,  493 
Gas  engine  improved,  by  Otto,  1876,  485 
Gas  engine  by  Clerk,  486,  502 

<  fas  engine  by  Linford,  488 

<^a5  engines,  improvements  in  lighting,  490 

Gas  engine  by  r'oulls,  493,  500 

Gas  engine  by  Atkinson,  497 

Gas  engine  by  Schiltz,  505 

Gas  engine  by  Siemens,  505 

<»as  engine  by  Weatherhogg,  506 

Gas  engine  by  Turner,  507 

Gas  engine  by  Skene,  510 

Gas  engine  by  Davey,  513 

Gas  engine  by  l^urent,  516 
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Gas  engine  by  De  Kabath,  w 

Gas  engines,  performance  oj,  538,  53a 

Gas  generated  by  each  retort,  538 

Gas  required  to  maintain  lights,  538 

Gas  transmissible  by  g^iven  pipes,  538 

(»ases,  limit  to  expansion  of,  13 

(yases,  densities  of,  5^7 

Gasket,  as  piston  paclcing,  343 

C^auge  system,  4 

(range  vacuum,  4 

(*auge  cocks,  5  ;  use  of,  148 

(range,  water,  5 

Gauge,  glass,  use  of,  148 

( >auge  cocks  and  glavtes,  369 

(reared  screw  engines,  description  of,  1x3 

Gearing  rope  and  belt,  199 

Gearing  down  feed  pumps,  361 

'  Germanic,'  coefficient  of  resistance  of,  330 

German  locomotives  at  Paris  Exhibition, 

(termany,  waterworks  in,  348 

Gibs  and  cutters  of  marine  engines,  proper 

dimensions  of,  ao7 
Gib  and  cutter  for  nxing  piston,  3^8 
GifTard's  ir^ectors  used  instead  of  pumps, 

(rifurd,  hot  air  engine  by,  501 

(flass  tubes  and  water,  attraction  between 
small,  3o 

(rlass  gauges,  use  of,  148 

Glue,  hydraulic,  for  patterns,  538 

(fooch's  locomotive  for  wide  gauge,  137 

( rooch's  locomotive  *  Snake,'  385 

Goods  engine,  G.  &  S.W.  Railway,  13s 

Goods  engine,  *  Copiapo.'  134 

(Johdon's"  Fumific  impeller,  466 

(Jovemor,  the,  38 

(rovemor,  length  of  arms  of,  affect  the 
speed,  40 

(rOvemor,  operation  of,  40 

Governor,  relations  of,  to  pendulum,  40 

Governor,  weight  of  balls  of  no  matter,  41 

( rovemor  in  Watt's  rotative  land  engine,  99 

( fovemor  for  marine  engines,  419 

(iraham's  experiments  on  evaporative  effi- 
cacy of  heating  surface,  333 

(>rate  surface,  amount  of  in  boilers,  158 

Grate  surface  per  horse-power  in  marine 
boilers^  proportion  of,  153 

Gravitation,  nature  of,  14 

Gravity,  force  of,  33 

(rravity,  centre  of,  37 

'(^reat  Britain.'  geared  oscillating  screw 
engines  of  steamer,  1 14 

'  (ireat  Fastem,'  engines  of,  331,  368 

'  (rrcat  Eastern,'  boilen  of,  357 

(iridiron  valves  balanced,  359 

(rriffiths' screw,  317 

(irinding  com,  power  required  for,  4x6 

( Grooves  in  piston  eye,  358 

(iudgeon,  cast  iron,  to  compute  the  strength 
of,  196 

Gudj^eons,  Watt's  rule  for  strength  of,  196 

Gucncke,  Otto,  of  Magdeburg,  experi- 
ments with  vacuum,  83 

( >uides  of  side  lever  engines,  untrue,  351 

Guide  Ixurs  of  locomotives,  286 
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Gunpowider  crn^Lna,  451 

Gunpowder  finfinc  by  QimnemHtn,  466 


11 4ICH  s  lEiution  vnlvti  for  gnx  cnginct 
HalleH-etl^  gu  engini,  ^9i,  ^gj 
Hnll'i  condensers,  priocipLv  eo,  1^9 


on  load  on  pump,  h6 
HurvE)-,  at  Hat'lE,  CcmL>li  engin 
MeiHrii.,i4S 

Homhom.'in'ifq^Ey'"^"'  '' 
Hawihom,  lococDotivcK  nv,  135 
'  Heutquanen,'  btHTen  of,  ^J 

Heal,  nKchonicaJ  equivalent  oT,  49 

Hern,  taudi,  13 

Hnl,  Rcgnault's  opcrinienu  on,  S4 

HcKt  converted  mio  power,  445 
Heal|  ExpftDOon  of  air  by^  s*i 


HeUini 

Hulini 
Height 


Lng  of  bearintf«,  cbuka  of,  f  16 

:Une<[  plane,  equUibrium 


Hemp  picldng  for  air  pumps,  i5o 
High  lihv  best  yiilvH  for,  146 

Kigh-«pc3  Kigh-uKBiurt  engine,  340 
High-speed  IDerchult  veiueL*,  jSj 
High-prtHun  engine,  definUion  of,  1 
High-preuurc    engines,    nominal   Kois 

Hmh-pmsure  en|riibe«,  power  of,  1)9 
Kigh<preBun  bin]er>  for  land  engines,  3 
High-prcMire  high-fpced  engine,  340 

HirKh'scombuation  engine,  47S 
Hiitoriui  account  of  the  ilelni  engine, 
Hi.<Iorica]  ucouni  of  nil  and  g.-i,  er<gin< 


,drll!in«.. 


Hol^a ,_ 

Holb  through  «a«cU' 
Hole  in  dead  v 
HolUnr 

Hollow 

Hollow  hn»eA  for  msrm  pockuig, 
HalitetD,  WBterWDTUln,  sfB 
Homogeneous  cttDwipbcfc  tnepnSi 
Hooke,   Roben,  plan  at  >pir 

originated  with,  igB 
Horirontal  ateeple  screw  eogiiti 

Homblowe^i  douliAe  cylinder 

HomUower'i.  a  ounjiouiid  en^m, 
Horse-power,  defiiutiDa  da,  t~ 

Hoc  well,  lempetuurv  of,  ifld 
Kol-air  engine  hy  MomnvH, 
Hot-air  engine  t^Shaw.  m 
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fof  V^ 


.    ;h  aiKi  foot,  detimal  pwt>  vC  SI 
Inclined  plane,  dtuitibntm  of  ir 


r  Hr-pump  ralircf,  t69 


liar,  hyRichard*,  14 

litdicotot  di*grmmof  gtu  en 


:rlb,  Inftuence  of  m  modifying^  * 

J)-  Kirchireger  and  l*nbaaa,  i<] 

Ingrey.  pUimta^o  Jiile-»»li—  *- 
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INJ 
Injection*orifice,  to  detenntne  area  of,  190 
Injection  cock  in  air-pump,  a66 
Injection  cocks,  369 

Injectors  and  pumps,  comparative  advan- 
tages of,  992 
Injectors,  waste  superheated  steam  for,  393 
Injector,  delivery  rt,  537 
Inlet  valves,  use  of,  z88 
Inside  and  outside  cylinders  in  locomotives, 

284 
Intermediate  sha(\,  definition  of,  112 
Intermediate  shaft,  crank  in,  350 
Internal  corro^on,  causes  of,  230 
Inverted  screw  engines  the  best,  25^ 
Iron,  wrought  and  ca.st,  strength  of747 
Iron,  power  of  to  resist  shocks,  53 
Iron  and  steel  in  engines,  312  ^ 
Iron  columas,  cast,  for  pumping  engines, 

244 
Irregularities  of  air-pump,  265 

Jacket,  steam,  ncccssarj*  to  benefit  by  ex- 
pansion, 71 
Jackets,  steam,  254 
Jacob  Perkins,  pump  by,  247 
jamming  of  safety-valves,  233 
Jenkin,  caloric  engine  by,  501,  504 
Jet-propulsion  of  ves»els,  453 
Joint  of  piston  rin^,  257 
Joints,  expansion,  m  steamers,  270 
J ucke»' self-feeding  furnace^  62 
Junk  ring,  in  pumping  engme.  243 
Junk  ring,  in  air-pump  bucket,  260 


Kennedy's  improvements  in  locomotives, 

120 
Kennedy's  locomotive,  123 
King's  gas  engine,  517 
Kingston's  valves,  269 
Kirchweger  and  Prusroan,  experiments  on 

inertia  of  water  in  pumps,  193 
Kitson's  goods  locomotive,  139,  131 
KGrting,  gas  engine  by,  520 


Land  engine,  Watt's  double-acting  rota- 
tive, 99  ^ 

I^nd  engines,  dimensions  of  cold-water 
pumps  for,  194 

Land  engines,  strength  of,  194 

I^nd  beam  engines,  dimensions  of  connect- 
ing rod,  195  :  dimensions  of  main  links, 
19s ;  proportion  of  piston  rods,  195 ; 
dimensions  of  end  studs,  196 ;  proper 
strength  for  cast-iron  beam,  196 

Land  boiler,  high -pressure,  338 

Land  engine  of  marine  tjpe,  compound, 

Lantern  brasses  for  trunnion  bearings,  253 
I«antern  brasses  for  piston  rod,  254 
I>ap  and  lead,  effects  of,  73 
I^p  upon  valves,  benefits  of,  187 
I^place  and  Poisson,  law  of,  449 
Latent  heat,  53 
I^urent's  gas  engine,  516 


LOC 

Law  of  virtual  velocities,  20 

Law  of  virtual  velocities  applied  to  beams 

and  other  stationary  obiecut.  20 
Law  of  the  velocity  of  falling  bodies,  33 
Law  of  vibration  of  pendulums,  39 
Law  of  strength  in  beams  and  shafts,  197 
I^ad  of  the  valve,  72 
Lead,  importance  of,  74 
Lead  of  \'alves  in  hign  speed  engines,  im- 
portance of,  187 
Leakage,  at  tube  plate,  222 
Leakage,  to  prevent  at  joints.  270 
Leaky  tubes  in  toipedo-boat  ooilers,  340 
Lebou's^  engine  of  z8oi,  gas  lighted  by 

electric  spark,  453 
length  of  arms  of  governor  affect  speed,  40 
Lenoir's  gas  engine,  467  ;  performance  of, 

528 
Level  of  water,  z8 
Lever,  no  power  gained  by,  21 
Lever,  xu:tion  of,  22 
Lever  walls  for  pumping  engines,  242 
Lifeboats,  hydraulic  propulsion  for,  330 
Lifting  power  of  hana  wmch,  how  to  deter- 
mine, 27 
Light,  not  a  form  of  matter,  14  :  nature  of. 

Lighting  by  compression  syringe  proposed 
m  1807,  453 

Lighting  arrangement  in  gas  engines,  487 

Li^htin^  improvements  in  gas  engines,  490 

'  Lightnm^,  torpedo-boat,  329^ 

Lignum  vitae  linmg  for  screw  pipe,  272 

Limit  to  expansion  of  gases,  13 

Limit  of  diameter  of^  inside  cylinders  in 
locomotives,  285 

Liners  in  cylinders,  356,  425 

Linford's  sas  enttine,  488 

Linford's  ughting  improvements,  490 

Link  motion,  Stephenson's,  76 

Link  motion  of  locomotives,  387 

Link  motion,  how  to  adjust,  433 

Ix>am  moulding,  42^ 

Locomotives,  description  of,  123 

I.,ocomotive,  description  of  Stepheason's, 
of  1838^  126 

I.,ocomotive,  Crampton's,  128  ^ 

Locomotives  at  Paris  Exhibition,  129 

Locomotive,  G.  and  S.W.  Railway,  132 

I..ocomotive,  American,  133 

Locomotives,  evaporative  power  of,  14a 

Locomotive  boilers,  proportions  of,  161, 335 

Locomotives,  blast  m,  163 

Locomotive  tubes,  best  diameter,  165 

Locomotive  and  flue  boilers,  calorimeter 
of,  166^ 

Locomotives,  steam  room  in,  proportion  of, 
170 

Locomotive  ports,  area  of,  z86 

Locomotive  piston  rods,  proportion  of,  195 

Ixx:omotive  slide  valves,  258 

Locomotive  engine,  278  ;  general  arrange- 
ment of,  282  :  springs,  282  :  tender,  282  ; 
slide  >'alves,  how  to  set,  388  :  how  to  set 
valves  of,  289  ;  feed  pumps,  290 ;  wheels, 
construction  of,  292 

Locomotive,  *  Snake,'  385 
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NIE 

Niel's  gas  engine,  5x0 

Ntel's  improvements  in  gas  engines,  523 

Niepce  propelled  vessels  by  liquid  hydro* 

carbon,  453 
Noise  in  pump  valves,  how  lessened,  946 
Nominal  norxe^power,  1^7 
Nominal  power  of  engines,  to  ascertain, 

Nominal     horsc>power    of    high>pressure 

enf^nes,  139 
Nominal  and  actual  power  of  Boulton  & 

Watt's  vessels  compared,  300 


OnsTRUCTiONS  on  railways^  removal  of,394 

Oil  in  cylinders,  action  of  in  boilers,  231 

Oil  for  cylinders,  23a 

Oil,  mineral,  action  on  indiarubber,  332 

Oil,  vegetable,  eflfects  of  in  boilers,  233 

Oil  cup  on  eccentric  hoop,  260 

Oil  pump  for  lubricating,  435 

Orince  of  waste  steam  pipe,  187 

Orifice  of  injection,  area  of,  190 

Orifice  for  screw,  272 

Ori^n  of  proportions  of  mill  gearing,  198 

Oscillating  marine  engines,  x  10 

Oscillating  engines,  thickness  of  cylinders, 

195 
Oscillating  engines,  best  for  paddles,  250 
Oscillating  engines,  objections  to,  251 
Oscillating  compound  engines,  343 
Oscillating  marine  engine  by  Penn,  343 
Oscillating  engines,  cur\'ature  of  arc,  ^53 
Oscillating  engines,  varioa«    dimensions, 

355,  3^6 
Oscilbtmg  engmes,  erection  of,  431 
Oscillation,  centre  of,  38 
Otto's  gas-vacuum  en^ne,  449 
Otto  gas  engine,  original  form,  476 ;  pre- 
sent form,  477 
Otto's  gas- vacuum  engine,  481 
Otto's  improved  gas  engine,  1876,  485 
Otto's  gas  engine,  performance  of,  530 
Outlet  valves,  use  of,  z88 
Outside  cylinder  engines,  135 
Oval  cylinders  with  oscillating  engines,  251 
Overheating  flues,  the  effects  of,  179 
Overshot  water-wheel,  538 
Oxidation,  the  effect  of  superheating,  230 
Ox,  power  of  an,  15 


Packing  piston  of  pumping  engine,  243 

Packing,  metallic,  in  stuffing-boxes,  255 

Packing  for  air-pumps,  360 

Piuldle  engines,  107 

Paddle  shaft,  rule  for  dimensions  of,  205 

I'addle  engines,  350 

Paddle  wheels,  structure  and  operation  of, 
•302 

Paddle  floats,  nature  of  the  curves  de- 
scribed by,  304 

Paddle  wheels,  rules  for  proportioninj;;,  304 

J^addle  and  screw  vessels,  comparative  ad- 
vantages of,  308 

Paddles  and  screw  combined,  321 

I'addic  wheels  for  oscillating  engines,  354 


PIS 

Papin's  gunpowder  engine,  451 
Parallel  motion.  Watt's,  103 
Parallelogram  of  forces,  i^ 
Paris  Exhibition,  locomotives  at  the,  129 
Paris  Exhibition,  corrugated  disc  wheels 

at,  393 
'  Parisian,'  engines  of  the,  366 
'  Parisian,'  boilers  of,  370 
Parkinson's  gas  engine,  463 
Partington's  combustion  engine,  463 
Pascal  b  carbonic  oxide  engine,  470 
Pearce,  of  Dundee,  factory  fitted  with  rope 

gearing,  300 
'  Pelican,'  experiments  with  screw  of,  330 
Pendulous  bod>\  how  to  determine  velocity 

of  vibration  of^  a,  38 
Pendulum,  the,  38 
Pendulums,  law  of  vibration  of,  39 
Pendulum,  rule  for  length  of,  to  vibrate  at 

a  certain  speed,  39 
Pendulum  and  governor,  relations  of,  40 
Penn  and  Son's  geared  oscillating  screw 

engine,  114 
Penn  s  horizontal  trunk  engine  for   war 

vessels,  115 
Penn's  oscillating  engines,  251 
Penn's  disc  valve  for  air-pump,  263 
Penn's  oscillating  marine  engine,  343 
Penn's  compound  marine  engines,  364 
Percussion,  centrr  of,  38 
Perforated  pipe,  use  of,  in  boilers,  169 
Performance  in  }k>ulton  and  Watt's  expe> 

riments  established,  coefficients  of,  301 
Performance  of  screw  and  paddle  vessels. 

Performance  of  different  gas  engines,  475, 

Performance  of  air  engines,  526,  527 

Perkins,  pump  by  Jacob,  247 

Pet  cock  in  locomotives,  use  of,  438 

*  Peterhoff,'    Rennic's    oscillating    marine 

engines  for  steamer,  X12 
P^tiet,  experiments  on  evaporative  efficacy 

of  heating  surface  in  locomotives,  334 
Petroleum  engine  by  Williams,  50 
Petroleum  engine  by  Richardson,  499 
Petroleum  engines,  duty  of,  533,  534 
Picking's  gas  engine,  497 
Pillars  and  tubes,  law  of  thickness  of,  52 
Pillars,  strength  of,  52 
Pinions,  speed  of,  to  work  satisfactorily,  199 
Pipes  in  steamers,  materials  for,  270 
Pipes,  size  of,  to  transmit  gas,  538 
Piston  in  Watt's  rotative  land  engine,  de- 
tails of,  zoo 
Piston  rod  of  bnd  engines,  proportion  of, 

.'95 
Piston  rod  of  marine  engines,  rule  for  the 

diameter  of,  203 
Piston  of  pumping  ^  engine,  243 
Piston  of  trunk  engine,  252 
Piston  rings,  how  fitted,  257 
Piston  rings,  to  turn,  257 
Piston  rod,  to  fasten  to  piston,  257 
Piston  rod  eye,  grooves  in.  258 
Pistons  of  locomotives,  different  kinds  of, 

285 


Hhmi'i  gu  mcugm  cogint,  iri 
PLau£hine  engine  b^'  Gvntt,  405 


^-' 


Pi^tHin  and  Laplace,  law  of,  449 

Pond  for  pumimig  engines'a^i 
Portable  uriculLunl  aiffineit  w 
Pdreohi'  bydrgcBrbon  engine,  tig 
Porti,  area  of,  for  iDodcrn  engineKt  tG 
PerBorioconioiive,  artiLor.  lU 
Podtua  c'tcrev-  wn 
Pot-lid  vdve  for. 


PtDpeHtr. ' 


canals  ben  ki 


■nbuUrbc 


Propcftia  of  mauer,  t^ 
PropDTtiofi  or  gralc  mirboe  per  be 


I 
I 
I 


Power  of  eneinett  how  toaioertain,  13Z 
Power  of  fai^b-preHPr^  engine*,  tjg 

Pbwer  generated  relalively  wlih  evapora- 

paretf.  actital  and  nomjiul,  300 
Power.  iJwfi:,  in  «rew  veaael*,  313 

wort  tugar  mill.  417;   to  drive  coeidd 

cwton.  blowitig  fiimaccb,  driving  pilc^. 

and  dredging  earth,  41B 
Power  generated  \ry  differenca  of  (empe- 
'    ratiirv,443 

Power  producible  by  beat,  44; 
Power.  Iheoreiics],  of  sir  enginea,  446 


Prewng  cotton, j»wer  retiuind  for,  ^ 
Pressure  prodbcibJe  hy  a  vacuum,  3 

PreHtire,  nUlk,    of,  to  [ubricatioa,  4 


.     ,         _.        ;  of  hell 

Propuliion  for  lifeboau, 

l^opulsion  afraid  by 
Pulley  blocka,  116 
PnLleyi  used  far  rope  get 
FamEHitg  engine,  dcui 

ungle-aciing,  od  Z 

Pump,  air,  douMe-aeiing,  t88  J 

Pumps,  air,  hot  and  cold  wato^  id  ■ 


Pump",  cold  • 


ipi,  independent 
r  and  feed,  itl 
ip.,  shock  in.  a6i 
Lps  in  locomotjvE 
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Railway  tires,  bursting  velocity  of,  37 
Ksulwayv,  origin  of,  lao 
Railway  trains,  resistance  o(^  172 
Railway  speeds,  power  required  for,  379 
Railway  wheels,  adhesion  to  rails,  279 
Railway  carriage  wheels,  most  approved 

forms  of,  393 
Railways,  removal  of  obstructions  on,  394 
Railway  trains,  resistance  of,  538 
Ramsbottom's  locomotive,  390 
Ran«>me's  engines,  401 
Ratio  of  friction  to  velocity,  42 
'  Rattler '  and  *  Alecto,'  experiments  with, 

3" 
Reasons    for    priming    in    torpedo'boat 

boilers,  239^ 
Receiver  of  air-pump,  9 
Redprocating  part^,  balancing  of,  253 
'  Red  Rover,  Boulton  and  M/att's  engines 

for,  109 
Reech  discovered  law  for  proportionate 

speed  of  larjge  and  small  vessels,  303 
Regenerator  invented  by  Stirling,  461 
Regenerator,  too  cumbrous,  536 
Regnault's  experiment's  on  Isuent  heat,  54 
Regnault's    experiments  on  eUtsticity  of 

steam,  64 
Regularity  of  motion  from  fly-wheel,  2 
Regulator  of  feed  water  in  waggon  boilers, 

97 
Regulator  of  draught  in  waggon  boilers, 

Regulator  valve  on  locomotive,  338 
Reuuions  of  pendulum  and  governor,  40 
Remedies  for  priming,  171 
Remedy  for  tubes  leaking,  240 
Remo^  of  obstructions  on  railways,  294 
Rennie's  experiments  on  friction,  ^3 
Rennie's    oscillating    paddle    engmes  for 

steamer  '  Peierhoff,'  iii 
Rennie's  trunk  enginei,  353 
Rennie^  users  of  equtlibriating  ring,  258 
Reftainng  furnace  bridges,  219 
Residual  vapour  in  air-pumps,  12 
Resistance  of  railway  trains,  173,  379,  538 
Re<(istance  as  square  of  velocity,  cause  of, 

381 
Resistance  durinj^  given  time,  383 
Resistance  over  given  distance,  383 
Re?Ustance  of  flat  surface  in  water,  395 
Resistance  of  vessels  in  water,  395 
Resistance    of    vessels    diminished    from 

sharpness,  396 
Resistance  of  vessels  may  decrease  with 

hij^h  velocities,  396 
Resistances  in  salt  and  fresh  water,  308 
Resistance  of  vessels,  Boulton  and  Watt's 

experiments  on,  399 
Resistance  per  square  foot  of  midship  sec* 

tion,  314 
Resistance  of  torpedo-boats,  337 
Resistance  of  different  vessels,  coefficients 

„  ^^i  330 

Resistance  on  roads  and  railways,  409 

Reynolds*  indirect  gas  engine,  466 

Richards'  indicator,  146 

Richardson's  petroleum  engine,  499 


SAT 

Richmond  Waterworks,  pumps  at,  347 

Rider's  |^as  eneine,  495,  4^^ 

Rings,  piston,  now  to  put  in  cylinder,  357 

Ring  at  back  of  slide  valve,  358 

Rings  on  screw  pipe,  371 

Rivaz,  gas  engine  o^^r,  in  1807,  453 

Rivet  holes,  weakening  effect  oi\  175 

Rivet  holes,  effect  of  punching,  1 76 

Rivets,  proper  proportion  in  boiler,  177 

Rivets  (or  boilers,  317 

Rivets  for  locomotive  boilers,  235 

Riveting,  influence  of  strains  on,  53 

Riveting  boilers,  316 

Rivetins  tubes  in  boilers,  331 

Riviire  s  hot-air  engine,  464 

Road  roller,  410,  411 

Robinson's  turpentine  engine,  465 

Robinson,  gas  engine  by,  498 

Robinson's  hot-air  engine,  506 

Robson,  sas  engine  by,  505 

*  Rocket,  by  Robert  Stephenson,  t3x 

Roger's  compressed-air  engine,  466 

Roller  for  roads,  410,  411 

Rolling  circle,  dennition  of,  304 

Ropes  and  pulle^-s,   principle  of   virtual 

velocities  applied  to,  35 
Rope  and  belt  gearing,  199 
Ropes  ased  for  gearing,  kind  of,  199 
Rope  gearing,  proportions  employed  in, 

300 

Rope  gearing,  size  of  pulle^-s  for,  300 
Rope    gearing,    factory   fitted    with,    by 

Pearce,  of  Dundee,  300 
Rotative  engine.  Watt's  double-acting,  93 ; 
Rotative  engines  for  pumping,  348 
Rotatory  engines,  definition  of,  z 
Rule  for  determining  the  proper  quantity 

of  cast  iron  in  fly  wheel,  35 
Rule  for  fly  wheel,  Boulton  and  Watt's,  35 
Rule  for  determining  centrifugal  force  of 

bodies,  36 
Rule  for  length  of  pendulum  to  vibrate  at 

a  certain  speed,  39 
Rule  for  nominal  power  of  engines,  i'38 
Rules    for   proportioning  paddle   wheels, 

304 
Russell's  combustion  engine,  463 
Rust  joints,  composition  for,  537 


Safe  velocity  of  cast-iron  fly  wheel,  37 
Safe  working  strain  for  boilers,  in  former 

editions  of  this  work,  175 
Safety  valves  for  exu:h  boiler,  180 
Safety  valves,  proper  proportion  of,  x8i 
Safety  valves,  foreign  rules  for,  181 
Safety  valves,  spring,  for  locomotive  183 
Safety  valves  on  marine  boilers,  333 
Safety  valves  on  feed  pipes,  334 
Safety  valves  on  cylinders,  355 
Safety  valves  of  locomotives,  388 
Salt  gauge,  338  ^ 
Salt  water  in  boiler  cannot  be  used  with 

high  pressures,  193 
Salt  water  in  marine  boilers,  334 
Salter's  spring  balance,  283 
Saturated  steam,  limit  of  pressure  with,  444 


I 


Savery't  trmar,  docription  oT.  Sa 
SnwiiK  Limber,  power  requireU  l4r,  4iA 
Scale  ui  Burina  boilcn,  »t 
Kcbiln,  gu  enpne  hy,  jos 
Scraping  piflon  nD^>}7 
Scraping  iDT&w,  430 
Scnw.  an   incLins]   pUne  wound   on  « 
cylinder.  34 

Screw  bolD,  propuniop-^  for.  377 

Screw  prepelLer,  proper  place  for,  396 
Screw  Lntn>duc«I  by  SmLih  and  KricHun. 

ScKiin,  diffcnni  kindiof.iis 
Screw  engitWb,  direct  acting,  v5i 
Screw  ensinei,  lioriAmitLl  ^leeple.  353 

Screw,  pitch  vf,  306 

Screw  ve»c]»,  mode  of  deti!rmining4lip  in, 


.^.^^  ,^^  r-^ddK^  combined,  ^31 
Screw,  lifdna  uppunUui.  far,  374 
Screw  proper  for  torpedo  boatrt,  ^a8 

Screw  pipe  at  Rtcm,  371 
Screw,  poHiion  of,  307 
Scnws,  proportions  of,  310 
Screwsholta,  by  Sir  Jouph  Whit  worth,  31 
Screw  ahAft,  jevermi  lenifllis  of.  97a 
Screw  valvc4  [o  separate  nurlne  i»ikn,  33 
Screw  mlves  fw  M  water.  133 
Screw  veiaeb,  CDel5cientft  of  perfomunc 


Sediment  iilov 


ouf.oTboil'er,  s 
jrafuiuilllubetin 


Selling  land  boUen,  >i6 
Setting  mikrioe  boilErf,  11 
Shafts  and  Ixamf,  law  of ' 
Shafiv,  ttrentfth 
Shaft,  w*  ■     ■ 


ngie  and  coapled  eJigine^. 
Hrahuon,  ■» 
SbuD  paddle,  rule  to  find  dimensions  of, 

ShofU,  Krew.and  puddle, 


ikiiir 


Shinmoa  i)inlni>h»  naliui 


Sheet  bcua  for  parViin  uoffiiig  ht 
Shdb  ofbailen,  oiMcrBla  br,  tn 
Shell  of  locwwtive  bnler,  )Bs 
Shocks  power  of  iron  lo  rei&^  ^ 
Shock  or  ur-puinp  valm.  ijp 
ShocL  En  air-^niu,  a&i 


SnealoaV  boiten.  dexripdsB  oC  ■*  I 

Smith,  Sir  P.P.,  intrDdueed-*-     — 
Smoke,  Wati'i  method  of  co 
Smoka,  metfaodt  of  en 


SiBoke-biumint  taumadva,  j^ 
SnnnhaDd  Iiunt'>jEuengii)e,4*- 
Sofc  metal  for  bearing.,  434 
t'Ahnlein,  pelmleiuii  moiee  bjr, ; 
Solder  not  to  be  depended  npoa,  it 
Solid  portidei  in  water,  eHea  of,  ■ 


Specific  heat  of  air,  144 
Specllic  healt  of  gaxei,  ;» 
Specific  cravilie.,  tabic  or,  l 
SpeedoT pii^oiulO' 
Speed  and  dimcn^ 

hich-spced  machines,  304 
'  SpSini.'  engine,  of,  iij 
StHel,  At  efwne  by.  yio 
S^nJ^l^br  limine  bi 
Si^lk  »lve  for  ur-piunih 
imal  narinc,  plan  of,  «._ 

RobiR  Hoofa:,  108 
Spray  etwine  by  Merlancfboi^  4!,^ 
Sprengcl. air-pump,  it 
Spring  safety  val«o  for 
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Springs  in  gridiron  valve;»,  259 

Squares,  ciiDes,  and  Miuare  and  cube  roots, 

561 
Standards  of  hor«e-power,  138 
Starting,   mode  of,  in  Boulton  &  Watt's 

marine  engine,  109 
Starting  punipine  engine,  243 
Starting  gear  of  locumotiveN,  288 
Stays  in  boilers,  222 
Sta>*s  for  locomotive  fire-boxes,  235 
Steady  pin  in  piston  rings  257 
Steam  gauge,  4 
Steam,  latent  heat  of,  54 
Steam,  relative  volumes  of  water  and,  65 
Steam,  heat  in,  65 
Steam,  elasticity  of  at  diflferent  tempera* 

tures,  64,  545 
Steam,  law  of  expansion  of,  69 
Steam,  power  of  known  to  the  ancients,  79 
Steam  engine.  Watt's  improvements  in,  88 
Steam  valve*  in  Watt's  land  engine,  loi 
Steam  naxngation,  orij^in  of,  106 
Steam  room  and  primmg,  168 
Steam  blast  by  N  icholson,  454 
Steam  chest,  i6u 
Steam  chest  in  locomotives,  237 
Steam  coaches,  futility  of,  409 
Steam,  expansion  of,  at  high  teni|)cratures. 

Steam  nre-engme,  431 

Steam  |;auge  on  each  Ixjiler,  180 

Steam  jackets  on  cylinder-*,  254 

Steam  jet  machinery,  457 

Steam  pipes  in  engines,  270 

Steam  passages,  183 

Steam  port  regulators,  2^8 

Steam  vessels,  economy  m,  32.' 

Steam  traction  engines,  409 

Steam  engine,  economical  defects  of,  443 

Steam  hammer  by  Nasmyth,  415 

Steam,  elasticity,  volume,  and  tcmijerature 

**^'  545         .  .  .         . 

Steam  room  in  locomotives,  proportion  of, 

.Steam  used  expansively,  average  pressure 

of.  547 
Steam  jackets,  how  formed,  255 

Steamers,  proper  form  of  hull  of,  298 
Steel,  tensile  and  crushing  strength  of,  47 
Steel  and  iron,  relative  strength  of,  ii2 
Steel  in  modem  engines,  212 
Steel  for  screw  shans,  213 
Steel  crank  shafts  by  Vickcrs,  368 
Steeple  screw  engines,  horizontal,  253 
Stein's  engine,  worked  with   products  of 

combustion  in  1821,  458 
Stephenson,   George,    made    engineer    of 

St«x:klon  and  Darlington  Railway,  120 
Stephenson's  locomotive  of  1838,  descrip- 
tion of,  126 
Stephenson's  locomotive  at  I*aris  Exhibi- 
tion, 129,  130 
Stephenson's  regulator  valve,  239 
Stern  to  stern,  trial  of  vessels  tied,  300 
Stern  in  screw  vessel.-,  importance  of  sharp, 

Stirling's  air  engine,  461 


SYM 

Stirling's  engine  at  Dundee  F'oundr^*,  526 
Stoke  hole  in  torpedo-boats,  239 
Stop  valves  used  to  cut  off  connection  be- 
tween boilers,  180 
Stop  valves  for  marine  boilers,  233 
Strains,  determination  of,  20 
Strains,  tensile  and  crushing,  on  a  beam,. 

.  4V, 

Strains  in  machines,  how  to  determine,  40 
Strain,  movable  greater  than  stationary,  50 
Strain,  influence  of  deflection  in  increasing, 

.  5«.  . 

Strain  on  iron  of  boilers,  safe  amount,  173 
Strain  on  shafts  with  single  and  coupled 

engines,  2*17 
Strain  on  crank  shaft  from  tu  oengines,  209 
Street's  turpentine  engine,  in  1704,  45a 
Strength  of  m;iterials,  46 
Strength  of  boilers,  173 
Strength  of  Iwilers,  experiments  on,  173 
Strengthof  l>oiIers,  upon  what  principle  to 

determine,  174 
Strength  of  cast-iron  cylinders  compared 

with  wrought  iron  ones  double  riveted,. 

*75 
Strength  of  land  engines,  194 

Strength  of  cast-iron  shafts  to  resist  tension, 

*97 
Strength  of  teeth,  rule  for  determining,  199 
Strengths  proper   for  all  pressures  in  en» 

gines,  203 
Strength  ot  parts  of  marine  engines,  203 
Strength  of  screw  shafts,  reae<ons  for,  213, 
Strength  of  piston  rines,  to  test,  257 
Stroke  of  valve,  lengtb  of,  73 
Structure  of  indicator,  143 
Stuffing  boxes,  metallic  packing  for,  255. 
Stuffing  box  of  cocks,  268 
Suction  pump  in  mines,  245 
Sudheim's  hot  air  engine,  507 
Sugar  mill,  power  required  to  drive,  ^rr 
Sulphate  of  lime,  temperature  at  which  it: 

is  deposited,  192 
Sulphate  of  lime,  way  to  obvkitc,  192 
Sulphate  of  lime  in  marine  boilers,  225 
Summer's  ex[)eriments  on  friction  of  brass 

surfaces  in  salt  water,  45 
Sumner's  improved  lighting  in  gas  engines, 

510 
Sun  the  source  of  mechanical  power,  16 
Sun  and  planet  wheels  for  producing  circu- 
lar motion,  93 
Superheated  steam,  law  followed   by,  on 

tne  application  of  heat,  66 
Superheated  steam,  action  of,  230 
Superheated  waste  steam  for  injectors,  292 
Superheated  steam  corrodes,  443 
Surface  condensers  in  marine  engines,  191 
Surface  condenser,  Hall's,  192 
Surfaces,  true,  how  to  form,  426 
Surplus  steam  in  locomotives,  237 
Swedish  hydraulic  torpedo-boat,  330 
Sweep  of  valve  in  oscillating  engines,  353 
Symington  and  Bowie,  experiments  witb 

air-pump  by,  262 
Symington,  William,  nuide  a  iiuirine  en- 
gine, 106 
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Taper  b  cndu,  unniint  of,  a6B 
Taplbi's  telescopic  chimney,  aij 
Teeth   of  wheeln,  lulc    iGr    (Tele 

Te1!^ldcdi™ey.«3 
Temlirindi'i  •mDlutBulDcginotin, 
Temunture  of  hoi  well,  iBo 
Tamperuure  u  which  Ka-wmer  h< 
TerapemtUrt,  hiah,  incyUmlen,  ij 
TcniperiiluK  oT  boiler  fiunace,  44S 

Teiuile  urengthi,  46 
TeainBlBiief..iis  . 
TelUng  nrength  of  pblan  nngs,  a; 
ITieoretkal  power  or  air  entfinci,  j. 
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ThoTiMycrofk'»  feed  pamps,  a6i 
Thuriieymifl'n  MBunEr,    Nauiiliis'  339 
Thonmycron't  hydraaiic  Iorpedi>lK«vi.  331 
lliDTDflycTDft'i  lorpcdo-lKWE  boiler,  378 
'I^iomeycroTL't  lorpedo-boai  engines  jSi 
'IliomeycraCt'a  snginB,  weight  per  h.'p. ,  33^ 
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node  oTdetDnnlnii^,  315 
ofeipiDd 


■l-hondcn 

-i'unc,  defininoo  01,  14 

llm,  burning  vdodly  ofrDilway,  3; 

■ITm  of  railway  wheels,  how  made,  agi 

Tire*    of   loGiwKHive    wheels,    mode 

nuldog  u>d  fiidnK,  393 
Tonkin's  gu  engine,  507 
TarpedthboBI  boilers,  139.  377 

ToipedO'iK-"  ?<Ir-n.imn»     ofir 
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Valve  Id  bucliel  of  pump.  18a 
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VAL 
Valve  casing,  mode  of  attaching  to  cylinder, 

Valves,  evape,  on  cylinders,  255 

Valves,  slide,  construction  of,  358 

Valves  balanced  gridiron,  359 

Valves,  slide,  in  direct«acting' screw  en- 
gines^ 25^ 

Valves  tn  air-pumps,  360 

Valves,  air-pump,  263 

Valves,  disc,  363 

Valve  gratings,  area  of,  26^ 

Valve  sluice  on  marine  engine,  26<; 

Valves  of  I«x:oinotivc.*,  how  to  set,  288 

Valves,  ball,  in  feed  pumps  390 

Valves  of  oscilbting  engine,  3^7,  35^ 

Valve  sector  and  shaft  of  Penn  s  oscillating 
engine,  352 

Valves,  how  to  take  pressure  oflT,  359 

Valves,  piston,  368 

Valve  and  cylinder  faces,  426 

Valve  faces,  materials  for,  428 

Valve,  how  to  set,  432 

Valve  gear,  if  broken,  what  to  do,  434 

Velocity  of  air  into  a  vacuum,  5,  7, 

Velocity  of  fallint;  bodies,  32 

Velocity  of  falling  bodies,  law  of,  33 

Velocity,  how  to  hnd  from  centrifugal  force, 
36 

Velocity  of  cast-iron  fly-whccI,  safe,  17 

V^elocity  of  vibration  of  a  pendulous  body, 
how  determined,  38 

Velocity,  ratio  of  friction  to,  42 

Vent,  meaning  of,  154 

Vessels,  resistance  of  in  water.  295 

Vessels,  propulsion  of  by  lifjuid  hydrocar- 
bon. 453 

Vibration  of  a  pendulous  body,  how  to 
determine  velocity  of,  38 

Vibration  of  pendulum,  law  of,  39 

Vibrations  in  torpedo-boats,  338 

Vickers,  steel  shaft  by,  368 

Virtual  velocities,  20 

Vis  viva,  units  of,  1 5 

Vis  viva  of  fly  wheel,  34 

Vis  viva  proportionate  to  square  of  velocity, 

34 
Volumes  of  water  and  steam  at  different 

pressures,  rule  for  determining,  67 
Volume,  increase  of  by  heating,  448 
Volume  of  air  with  pressure,  449 
Volumes  of  gases,  547 

Wa(;(,on  boiler  employed  by  Watt,  de- 
scription of,  95 
Waggon  boiler,  details  of,  97 
^Vaggon  boilers,  dimensions  of  flue,  155 
Waggon,  flue,  and  tubular  boilers,  157 
Waggon  boilers  by  Boulton  and  Watt,  215 
Waste  steam  pipe  orifice,  187 
Waste  steam  pipe  in  steamers,  222 
Waste  water  pipes,  material  of,  270 
Waste  superheated  steam  for  injectors,  292 
Water  gauge,  5 
Water  liarometer,  8 

Water  finds  its  own  level,  meaning  of,  18 
Water  as  a  lubricant,  44 
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Water  and  steam,  relative  volumes  of,  65 
Water  and  steam,  rule  for  determining  re* 

lative  bulks  of  at  different  pressures,  67 
Water,  early  projects  for  raising,  80 
Water  for  condeasation,  quantity  required, 

189 
Water,  solid  particles  in,  228 
Water  casing  round  chimney,  333 
Water  thrown  into  air,  effect  oC  243 
Water  in  cylinder,  to  gel  rid  of,  243 
Water  packing  for  air-pumps,  260 
•  Water  Witch,  water-propelled  steamer,  330 
Water  pressure  engine,  538 
Waterworks  at  Richmond,  247 
Waterworks,  New  River,  pumps  at,  247 
Waterworks  in  Holstein,  248 
Waterworks,  Altona.  348 
Watson,  gas  engine  by,  505 
Watt's  method  of  consuming  smoke,  6t 
Watt's  improvements  in  the  steam  engine, 

Watt's  single  acting  pumping  engine,  de* 

scription  of,  90 
Watt's  double  acting  rotative  engine,  93 
Watt's  waggon  boiler,  description  of,  95 
Watt's  double  acting  rotative  land  engine, 

99 
Watt's  land  engine,  action  of,  zo3 
Watt's  parallel  motion,  description  of,  X04 
Watt's  engines  identical  with  modem  en- 
gines. 105 
Watt's  building  for  engine  house,  342 
Watt  s  pumping  engines,  343 
Watt,  steam  jacket  used  by,  354 
Watt  s  rule  for  connecting  rod,  195 
Watt's  rule  for  strenzth  of  gudgeons,  196 
Watt's  rule  for  main  beams  of  land  engines, 

197 

Watt  s  rule  for  necks  of  crank  shafts,  198 

Weatherhogg's  gas  engine,  506 

Wcatherhogg's   improvements  in  gas  en- 
gines, 517 

Webb's  compound  locomotive,  394 

Web  of  beam,  object  of,  50 

Wedge,  action  of,  23 

Weight  not  necessarily  a  property  of  matter, 

I? 
Weight  to  be  lifted  by  a  screw  jack,  how 

to  determine,  25 
Weights  to  balance  engines,  139 
Weights,  balance,  on  screw  engines,  S53 
Weight  of  engines  and  boilers  perh.-p.,  383 
Weights  and  measures,  539 
Weights  of  different  sumtances,  549 
Wheel  draught,  definition  of,  97 
Wheels  of  locomotives,  adhesion  of,  279 
Wheels  of  locomotives^  construction  01,  393 
Wheels  of  rail  way  carriages,  most  approved 

forms  of,  293 
Wheels  of  locomotives^  386 
Width  of  single  belt  for  transmitting  any 

power,  rule  for,  303 
Wilcox,  hot-air  engine  by,  524 
Williams  and  Barron's  gas  engine,  495 
Williams,  gaus  engine  by,  497,  498 
Williams,  petroleum  engine  by,  ^06 
Windmills,  velocity  of  tops  of  sails,  538 
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Wire-drawing,  expansion  by,  74 
Wirth's  gas  engine,  481 
Wittig's  gas  engine,  497 
Woodpackin^  for  air-pumps,  260 
Woods  experiments  on  friction,  43 
Woods',  Edward,  experiments  on  evapora- 
tive efficacy  of  heating  surface  in  loco- 
motives, 334         . 
Worcester,    Marquis  of,   his    engine    for 
raising  water,  80 
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Wordsworth,  lighting  in  gas  ennnes,  506 
Work,  definition  of,  14  :  units  m,  25 
Worssam's  gas  engine,  512 
Wrede's  air  engine,  466 
Wright's  gas  engine,  464 


Zander's  combustion  engine,  463 
Zinc  in  boilers,  232 
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nltbo^i  OommentAiT  cu  tJifl  SB  Aniqlv.    Croim  Bto.  if, 

nj'i  EDemenu  ol  MciiiUtj.    Fcp.  Sra.  iL  M. 
Browned  (Biihop)  BiindUcHi  oT  Uie  BD  Aitlcls.    Std.  ICi. 


Oeknn^iLBituHODtbeFuiUteacbuidtliaKnlilMSIoiM.  iTtillfc 
OelBnaitliaPaitKleiiotiuidBwkDflaibfia.    CromtTO.!^ 
OoBdai^  BudbMk  or  Che  Bible.    PM  »to.  Ti.  M. 
OoafliMn*  Honon-iUEg  ud  Lettgn  of  St.  Puil  i— 

Utnrj  Kltfoa,  wMb  nU  the  Oiigiul  Dliuaatli: 
RMLVoDtanij^    *--■-  —  -■ 

InimrtltrailBoa, 


•  BelecUoo  at  lla[%  Pitta,  tat  WoodgaM. 


■  me-aq 
fltoJenti  aanHi 

OnlBbton'ii  HMor7  of  tbo  PupwiT  dnrioE  the  BeformmtloB.    IMLbaiani. 
DaTldno'i^trndadlon  to  thv  Study  of  l)>e  Hi 
atJvnutbeMHBl 
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■ttooM*!  (BUbtap)  OoniiMntMT  on  8t  VuTu  Iplsttai.    Sra    GiJ^ttont,  8c  6d. 

fchwdaiw,  Bi,  <<L    PMtona  XpMfan*  lOt,  $d,    FhIU|ipteM,  OetoMJMH  and 

FuknoB,  lOi.  6d.    Ttwilfliiliiii,  7<.  61. 
■UoollfkLeotaniontlMLIIsafoiirLard.   9to.1S<. 
Bw»ld'iA2itiqiiltkiofInMl,tzmiMUtadl7Bollj.    8TO.U«.6tf. 

—  Htatary  U  JmnA,  trasalatad  hf  Oarpenter  &  Smith.    6  Tola.  Sro.  7U, 
OoqNl  (The)  for  the  Ninefceenth  Onitary.   ithSditloD.    8to.10i.M. 
Hoptdot*!  ChzM  the  Oonaoler.    Top.  8?a  U.  W. 

Jnkairi  New  Han  and  the  BteroAl  Lift.    Grown  Sro.  8«. 

—  flwwtWlT)ei>hMklthoEeetituttoafl<aIlThlngi.  Grown  8fa  U.  id. 

—  T>p«  of  G«B«ii.    Grown  8to.  74.  ML 
XAUeoh'eBIfaieBtaidiei.  Pabt  L  the  PnphaelBB  o<  BdMin.    8TO.10i.6d. 

—  —       —  Pabt  n.  the  Book  of  Jonah.    8TalO«.6d. 

—  HlrtwioaJ  and  Crltloal  OomsMnteiy  on  the  Old  Twlamiiut;  with  a 
New  TnuMlatton.  YoL  L  Ometit,  8to.  18«.  or  adapted  for  the  General 
BMder,  U«.  YoL  IL  Xxodtu,  Us,  or  adapted  for  the  Genenl  Beads,  U«. 
YoL  m.  LeviMmt,  Fart  L  1S«.  or  adapted  for  the  Genenl  Beads,  U, 
YoL  lY.  LevUkiu,  Part  IL  18«.  or  adapted  for  the  General  Beadar,  U, 

Keaiy'B  CntlixMB  of  PiimitiTe  BelieC.    8to.  18«. 

Ijia  Oermanloa :  HjinnB  tranelatad  hj  Miee  Winkworth.    lop.  8Ta  tt, 

Manning'e  Temporal  Hieelon  of  the  Holy  Ohoet.    Crown  8to.  8<.  6d. 

Martineaa'elndaaToiiia  after  the  Chiletlan  Life.    Grown  8T0.7i.8dL 

— *         Hymna of  Praiae and Prajer.  Grown 8to. if. 64.  8iiBO.lJ.8dL 

—         Bermona,  Hoim  of  Tbooght  on  Saored  Thlngi.    f  TolB.7i.6d.eafih. 

ICIirk  Three  BeaayB  on  BeUgkxi.   8TalO«.6d. 

Moneega  BpMftiial  Boogi  for  Bondaja  and  HoUdaya.    Pcp.8To.8e.    18lB0.tib 

XHller'B  (Max)  Origin  4  Growth  of  BeUgion.    Crown  8to.  7«.  6d. 

—  —    Botanoe  of  Beligion.    Grown  8Ta  7«.  6d. 
Newman'a  Apotogia  pro  Yit8  BcUL    Grown  8to.  6«. 

Sewairft  (Mia)  Pawing  Thoogfate  on  BeUglon.    Fcp.  Sro.  S«.  6d. 

—  —     Preparation  for  the  Holy  Oommnnlon.    81nu>.S«. 
Beymoar'B  Hebrew  Peelter.    Crown  8to.  U,  6d. 

Bmtth'a  Yoyage  and  Shipwreck  of  BL  PaoL    Crown  8to.  7«.  6d. 
Bapenatona  BeUglon.    Oonpleto  Bdition.    8  Tola.  8to.  86«. 
Whateye  Teeeotui  on  the  Ghrtotian  NrideDcee.    18mo.6d. 
WhltePe  ftar  GoepelB  in  Greek,  with  Greek-Bni^lBh  Lezioon.   81ino.8i. 

TRAVELS,  VOYAGES,  &c. 

Aldridge's  Bench  Notee  In  Kansae,  Cotorada*  dec.    Croiik-n  8to.  5i. 
Bakar^ flight Tean  in Oeykm.    Crown8T0.8j. 

—  Bille  and  Hound  in  OeyUm.    Grown  8to.  Si. 

Banii  Alpine  Childe.  8  TolB.pQBt  Sro.  with  Mape  and  Bhiitrationi  ^-L  Werten 
A]pB,6i.6d.    n.  OeBtralA4>e,7«.6d.    IIL  BaetemAlpe,10i.8dL 

Ban  on  Alpine  TntTeUlng,  and  on  the  Geology  of  the  Alpe,  le. 

Breeeejli  Bondilne  and  Btonn  in  the  laet.    Grown  8to.  7«.  64I. 

—  Yoyage  In  the  Yacht  ^Bonbeam.'  Grown  8TO.7t.6d.    Bohool Bdltlon, 
fop.  8Ta  it,    Popolar  Edition,  4to.  6d. 

CraTt-ford'e  Acroea  the  Pampas  and  the  Andes.    Crown  8to.  7s.  Bd. 
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Fnenuui*B  ImprMdoos  of  the  Uziited  Statai  of  Am«rioa.    Crown  8tow  6«. 
HMMdl*!  Ban  B«nio  OllmatloaUy  oonsidered.    Orown  Sro.  0«. 
Milkr'B  Wintering  in  the  Biviera.    Post  8to.  Illnitntionff.  It.  Bd, 
Tbe  Alpine  Olab  Map  of  Switaorland.    In  Fonr  Sheets.    4!U, 
Three  in  Norway*    B7  Two  of  Thenu    Crown  8yo.  ma^trations,  U. 

WORKS   OF   FICTION. 

Brabonma's  (Lord)  HlicgleiSy-PIggledy.    Crown  8to.  U.  <dL 

—  —       Whispen  from  Fifaj  lAod.    Crown  Sro.  U.  ML 

OaMnat  Bdition  of  Novels  and  Tales  hj  the  Bar!  of  BeaoondMd,  K.a>.    11 

orown  8to.  price  6f .  each. 
Cabinet  Bdition  of  Stories  and  Tales  taj  Miss  SeweU.     Crown  8to.  oloth  extra, 

gut  edges,  piloe  U.  9d.  eadi  :— 


Amy  H«rb«t    deve  HalL 
The  Bad's  Daughter. 
Bi>perlenoe  of  JASb* 
Qertmde.    Ivors. 


A  Glimpse  of  the  Worid. 
Katharine  AahtoB. 
Laneton  Faisonagi. 
Margaret  FwdvaL        XTmla. 


Dissolving  View?.    A  Novel.    By  Mrs.  Andrew  Lang.    S  vols,  crown  8va  li«. 

Novels  and  Tales  ty  the  Bad  of  Beaoonsfleld,  E.G.  Hnghsnden  Bditioft,  with  S 
Portraits  on  Steel  and  11  Vignettes  on  Wood.    11  vols,  crown  8va  AS.  t«. 

The  Modem  Novelists  library.  Baoh  Work  in  crown  8va  A  Sfaigla  ToIbbio, 
oomplete  in  itself,  price  St. boards,  orS«.  6d.  doth  :— 


By  the  Barl  of  Beaconsfleld,  K.G. 
Lothair.    Coningsby. 
BvfalL    Tancred. 
Vflnetta.    Henrietta  Templa. 
Contarlni  Fleming. 
Ahoy.  Lrion,  te. 
The  Young  Dnke,  Ao. 
Tivian  Grey.    Bndymion. 

By  Bret  Harie. 

In  the  Garqninez  Woods. 

By  Mrs.  Ollphant. 

In  Trust,  the  Story  of  a  Lady 
and  her  Lover. 


By  Major  Whyt»>Mfllvinsb 
Digby  Grand. 
Genenl  BoonciL 
Kate  Coventry. 
The  Gladiators. 
Good  for  Nothing. 
HolmbvHoaae. 
The  ImwiDMter. 
The  QnsBo'ii  Mtrfii. 

By  Varioas  WiHbbb. 
TheAtdlerdnLyi. 
Atherstone  Pxtey. 
The  Burgomasters  finally. 
Bsa  and  her  Ytdtora. 
MadsmoiseOa  McrL 
The  Six  asters  of  tte  Talhya, 
Unawares. 


By  Anthony  TroBope. 

Barohester  Towers. 

The  Warden. 

In  the  Olden  Time.  By  the  Author  of  *  Mademoiselle  Mori.'    Crown  Sro.  Ss. 
Thicker  than  Water.    By  James  Payn.    Crown  8vo.  6s, 

POETRY  AND   THE    DRAMA. 

Bal]fly^i  Festos,  a  Poem.    Crown  Svo.  ISn.  6d. 

Eowdler's  Family  Bhakspeare.    Medium  Svo.  lii.    6  Tob.  fop.  Sva  Sli. 
Cayloyls  Iliad  of  Homer,  HomometricaBy  translated.    Sro.  ISi.  M. 
Oonington's  iBneid  of  YlrgQ,  translated  into  Bullish  Vena.    Crown  Sro.  U, 

—        Prose  Translation  of  Virgil's  Poems.    Crown  Svo.  Ss. 
Goethe's  Faust,  translated  by  Birds.    Large  orown  Svo.  ISi.  6d. 

—  —     translated  by  Webb.    Svo.lS«.  6d. 

—  —     edited  by  SelsB.    Crown  Sva  S«. 
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Homer*!  DJadL  Greek  Text  with  Ycne  Tnnilatioa  by  W.  C.  Oimo.  Vol  I.  crown 

8to.  tt. 
Irntukm^  FocBu.    New  Bdition.    9  r6k,  fepb  Sro.  U«. 

MMMlaj'B  L«yi  of  Anetail  Boib*,  with  Itrj  and  ttM  JriMMkL    lUwtntod  by 

Wegoelin.    Crown  8va  Zt.  6d.  gilt  edges. 

The  nine,  AnnoUted  Bditioii,  fop.  8T0.U  sewed,  It.  <d.eloth,l«.6Afllolhe(ztrm. 

The  »ame,  PopiUar  Edition.    Illaatrmted  bj  Soliarf.    Fcp.  4to.  9d,  iwd^  !«.  doth. 

PoiDell'i  (Cholmondeley-)  'From  GnTe  to  Gay.*     A  Yolame  of  Belectiooe. 
Fcp.  8to.  (U. 

Boothiy^  Poetloal  Worfcf.    KedtmnSmlii. 

RURAL  SPORTS,  HORSE  AND  OATTLE  MANAQEMENT,  kc. 

Deed  Bhot  (The),  by  Martaman.    Grown  Sro.  Kte.  6d: 

fttmrygram's  Horeei  and  Btablea.    8to.  lOt.  «d. 

FnuidB'BTieatinoofUdnginaUlliBnuMhea.    Feet  8ira  lit. 

HoiMi  and  Boadi.    By  rree>Laaea.    Grown  8fo.  6«. 

HowitTk  Vieits  to  Bemarkable  Plaooi.    Crown  8to.  7«.  6d. 

JefEeries*  The  Bed  Deer.    Crown  8to.  44.  6J. 

Mllee^  Hone's  loot,  and  How  to  Keep  it  Soond.    Imperial  Sra  U«.  94, 

—  Plain  Treatise  on  Hone-Shoeliiff.    Post  tro.  Is,  <d. 

—  Rsmaiks  on  Horses' Testh.    PostSro.  If.  64. 
*      BtafaiesaDd8tshla.nttlng8.    Imperial  8ira  lit. 

MOnsK's  Ooontry  Pleasmres.    Crown  8?o.  Ci. 

■sfTOsTIi  Horses  and  Biding.    Grown  Sva  U, 

BoMkMt  fly-flshis^  Bntanology.   8to.U«. 

BIssrs  Diseases  of  thsOz,  a  Manual  of  BoTiasFlrthology.   Sm.  lis. 

BtonshengsTs  Dog  to  Health  and  Dissass.    Bqaaieorown8TO.fs.64. 

—        QfeyliOQnd.    BiinarB  orown  8yo.  lis. 
WnooeWk Sea-nshsTman.   PoetSmCi. 
Touairs  Work  on  the  Dog.    Syo.  %$, 

—  ~    —    .  Horse.    Bra  Ts.  64. 

WORKS    OF    UTILITY   AND    GENERAL   INFORMATION. 

Aofem's  ICodem  Cookery  for  PrlTate  VamUfss.    Fop.  Sra  if.  6dL 

BhMk'sFraolioalTkeatiss  on  Brewing.    8TO.10f.64. 

Bodrton's  Food  and  Home  Cookery.    Gtown  8to.  8«.  64. 

Bon  on  the  Hatemal  Management  of  CbOdrsn.    Fop.  8to.  U  64. 

Bolft  Htots  to  Mothsn  on  the  MaiMgsment  of  their  Health  doling  the  FlKiod  of 

Pkegnanoyaadtotheljing-toBoom.    Fop.  8TQi  U.  84L 

Barton's  My  Home  Farm.    Crown  8to.  Ss.  64. 

OMVfaeD-WalkBK'li  Oorreot  Oard,  or  How  to  Play  at  Whisl    lop.  8to.  8«.  64. 

BdwardS*  Our  Seamarks.    Crown  8to.  St.  64. 

Johoaoo's  (W.  h  J.  H.)  PatenteeTs  MannaL    Foarth  Bdltlon.    8to.  10s.  64. 
—  —  The  Patents  Designs  *a  Aot,  1888.    Fop.  8to.  if. 

Losigman's  Chesi  Opsnings.    Fop.  8tow  8«.  64L 

Maoleod'i  Bkmsnts  of  Banking.    Foarth  Bdition.    Grown  Bra  is. 

—  Blwnente of Boonomtoe.    9 toIs. mall orown 8to.    yoikL7s.64i 
-*        Theory  and  Piaotfos  of  Banking.    S  toIs.  8to.    VoL  I.  ISf. 
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Mt)iiIIooh'iI)lotfonM7o(Ck»in]iMneaDdCknuMr^  8T0.fl«. 

ICaandar^  BlogzBiihJoid  TreMory.    Fo|>.  Sra  U. 

—  EMadoal  Ttmnrf,    Wop,  Sro.  U, 

«       flciwtHte  and  Utanry  Ttmmarj.    Fcp.  Sra  ««. 

—  Ttaumjf  of  BUiia  Knowledge,  edited  by  Ayre.    Fop.  Svo.  Ci. 

—  Tieeeiuy  of  Botany,  edited  liy  Uudley  4  Moon.    Two  Fivti,  lu. 

—  Tteeeory  of  Geograplty.    Fop.  Sto.  iU. 

—  Traeeery  of  B^nowkdge  and  Library  of  Referoaoe.    Fop.  Bra  U, 

—  Treeenry  of  Natoxal  History.    Fop.  Sva  <«. 

FokTe  TlMory  of  the  Modern  8olentiflc  Oame  of  Wblst.    Fop.  9to.  U,  M. 

Qoain'e  Dictionary  of  Medicine.    Medium  Svo.  31a  M.  or  in  3  role.  Z4s, 

Beere*!  Oookery  and  Hooiekeeplng.    Grown  Svo.  It,  M, 

BoottTa  Fann  Valoar.    Chown  8to.  if. 

Smith*!  Handbook  for  Midwivea.    Gtown  8to.  6*, 

The  Oahinet  lawyer,  a  Popolar  Pigeet  of  the  Iawi  of  fcgland.    Fpp.8T0.  9«. 

Ville  on  Artifldal  Manores,  by  Crookea.    Sva  21«. 

WlUloh'B  Popnlar  Teblea,  ty  Marriott.    Grown  8to.10«.' 


MUSICAL  WORKS    BY  JOHN    HULLAH.    LL.D. 

HnUah'e  Method  of  Teaohing  Singing.   Orown  8to.  S«.  64. 

■seroiiea  and  Flguna  in  the  eame.    Gkown  Sva  It,  eewed,  or  Li.  Sd.  Usap  ototh  ; 
or  9  Parti,  6d.  eaoh  lewed,  or  8d.  eaoh  limp  oloth.  I 

Large  Sheeti,  oontainlng  the  'Bzeroieei  and  Flgnrea  in  Hollah'a  Method,'  la    ' 
Fiye  Paroela  of  Ught  Sheets  eaoh,  prioe  tt,  each.  I 

CBuonatlo  Soale.  with  the  ^^*^^>*  SyUabtas.  on  Lacse  Sheet.    U.  64. 

Oard  of  Ghromatio  Soale.    14. 

Grammar  of  Mnsioal  Harmony.  BoyalSro.  prioe  St.  sewed  and  4«.  64.  oloih;  or    i 

in  fl  Parts,  eaoh  li.  64. 
■seroises  to  Grammar  of  Mosloal  Harmony.   It. 
Grammar  of  Ooontsrpoint.    Part  L  saper-royal  Sto.  St.  64. 
WUhem's  Manual  of  Singing.    Parts  L  4 II.  St.  64.  eaoh  or  together,  St. 
Bzeralies  and  Figores  oontained  in  Parts  L  and  IL  of  WUhem's  Mannal.    Bookt 

L  4  n.  eaoh  84. 
Large  Sheets,  Nos.  1  to  8,  oontainlng  the  Flgnras  in  Part  L  of  WUhem's  Mannal, 

fat  aParoel,6t. 
Large  Sheete,  Nos.  8  to  40,  oontainlng  the  BuNises  in  Part  L  of  WUbam'i 

Mf**"*^  in  Fonr  PMRsals  of  Bight  Mos.  eaoh,  per  Paroel,  6t. 

Large  Sheets,  Nos.  41  to  it,  oontainlng  the  Figures  in  Part  IL  in  a  Paroel.  it. 

Hymns  for  the  Toong,  set  to  Mosio.    Boyal  8to.  84.  sewed,  or  It.  64.  doth. 

Infant  Bohool  Boogi,    64. 

Notation,  the  Mnsioal  Alphabet.    Grown  8ro,  64. 

Old  Bnglish  Songs  for  Schools,  Harmonised.    64. 

Rudiments  of  Mnsioal  Grammar.    Boyal  8to.  Zt, 

School  Songs  for  S  and  8  Vdoss.    S  Books,  8to.  eaoh  64. 

Lectures  on  the  History  of  Modem  Music.    8to.  St.  64. 

Lectures  on  the  Transition  Period  of  Musioal  History.    8to.  lOt.  64. 
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